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LATEST ORDOVICIAN TO EARLIEST SILURIAN COLONIAL CORALS OF THE 
EAST-CENTRAL UNITED STATES 


GRAHAM A. YOUNG! AND ROBERT J. ELIAS 


Department of Geological Sciences, The University of Manitoba, 
Winnipeg, Manitoba R3T 2N2 CANADA 


ABSTRACT 


A distinctive assemblage of colonial corals occurs in uppermost Ordovician (Gamachian) to lowermost Silurian (lower Rhud- 
danian) strata within the east-central United States. This Edgewood Assemblage is strikingly different from Late Ordovician 
assemblages that preceded it in other parts of the North American cratonic interior, and differs from the Silurian assemblage 
that succeeded it. The Edgewood Assemblage existed during an important time of global environmental change and mass 
extinction. Some of the taxa have an Ordovician character; these include the youngest North American tetradiid, which is among 
the last representatives of an important Ordovician order. Other taxa represent first appearances of typically Silurian forms: the 
oldest definite plasmoporid, the earliest North American Halysites, and the first pycnostylid. Our study analyzes this significant 
assemblage in terms of biostratigraphy, biogeography, taphonomy, paleoecology, and intraspecific variability; the Silurian as- 
semblage is also documented. With this information, we contribute to the knowledge of corals and the history of biological and 
physical events during this critical time interval, and to the solution of geologic problems such as the age, correlation, and 
depositional environment of stratigraphic units. 

Colonial corals of the Edgewood Assemblage occur in Oklahoma, Arkansas, Missouri, and Illinois, occupying a region known 
as the Edgewood Province. We recognize the following new taxa: Propora savagei n. sp., Halysites alexandricus n. sp., and 
Catenipora lawrencica n. sp. Diversity in this province generally decreases northward, reflecting a gradient from the most open, 
normal-marine conditions nearest the paleocontinental margin, to increasing restriction farther into the interior. Detailed pa- 
leoenvironmental determinations are possible using comparative taphonomy and paleoecology. Proportions of abraded coralla 
and degrees of abrasion increase with energy level. Proportions of coralla in growth orientation are higher in lower energy 
environments; they also increase from columnar growth forms to bulbous and high domical forms to low domical forms, and 
with corallum size. Ratios of bulbous:domical forms and corallum height:width, and usually inferred growth rates, increase with 
sedimentation rate and decreasing substrate stability. Proportions of composite coralla increase with decreasing sediment cohesion 
and substrate stability. Large corallum sizes reflect prolonged environmental stability. In some cases, corals are active encrusters 
and substrates for encrusters; this indicates substrate availability and stability, low sedimentation rate, and low turbidity. 

Two or perhaps three species of the Edgewood Assemblage occur outside the Edgewood Province. The strongest affinities of 
this assemblage are with latest Ordovician to earliest Silurian coral faunas of Anticosti Island, Québec. The Edgewood Assemblage 
is strikingly different from the slightly older, typical Late Ordovician faunas in the North American interior. The disappearance 
of these typical Ordovician assemblages was related to habitat loss during a major glacio-eustatic drop at the end of the 
Richmondian. In the Gamachian, minor transgressions into the southern—central portion of the Edgewood Province occurred as 
sea level fluctuated during the glacial maximum. Corals were introduced from the continental margin or were derived from forms 
previously restricted to the margin. Dispersion into the northern part of the province accompanied expansion of suitable habitat 
areas during the early phase of the major latest Gamachian—Rhuddanian transgression associated with deglaciation. 

Colonial corals are uncommon in strata immediately above those containing the Edgewood Assemblage in the east-central 
United States. This Silurian assemblage, including Pa/eofavosites adaensis n. sp., appears in the upper Rhuddanian. The changeover 
from Edgewood to Silurian assemblages occurred as water depth and temperature were generally increasing during the Rhuddanian, 
but apparently coincided with a minor regressive event. We infer that as areas in the east-central United States became inhospitable, 
geographic ranges of Edgewood species were reduced. Most became extinct, but some underwent rapid evolution in small 
populations. The descendants dispersed and new immigrants arrived as suitable habitat areas expanded when the transgression 
resumed. Two Edgewood species survived briefly in a local refugium. 

Comparisons of patterns of variation in different species indicate that inherent variabilities of different coral orders are not 
the same, and that certain types of variation tend to recur among species and among orders. Some of the general similarities 
and differences among taxa are linked principally to structural factors that controlled the ways in which colonial corals grew. 
Genotypic and ecophenotypic factors acted in concert with the structural control of growth to determine variation within individual 


species. 
INTRODUCTION America occur in the east-central United States (see 
Bergstr6m and Boucot, 1988; Text-fig. 1A, index map, 
The best known, most fossiliferous, and perhaps foldout inside front cover). Upper Ordovician Rich- 
stratigraphically most complete Ordovician-Silurian mondian beds were deposited in a vast epeiric sea and 
boundary sections in the cratonic interior of North are mainly argillaceous. They are succeeded by upper- 
' Present address: Manitoba Museum of Man and Nature, 190 most Ordovician (Gamachian) to lowermost Silurian 


Rupert Avenue, Winnipeg, Manitoba R3B 0ON2, CANADA. (lowermost Llandovery) units that are predominantly 
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carbonate, typically thin, and of limited areal distri- 
bution. These in turn are overlain by carbonate strata 
of Llandovery age. The Gamachian beds represent a 
regressive phase corresponding to the latest Ordovician 
glacial maximum, but were probably deposited during 
minor transgressions as sea level fluctuated (see Ams- 
den, 1986; McAuley and Elias, 1990). Lower Llan- 
dovery sediment accumulated during the major trans- 
gression associated with deglaciation. During Late Or- 
dovician to Early Silurian time, North America was 
located on the equator, unattached to other paleocon- 
tinents (Scotese and McKerrow, 1990, figs. 9, 10). Con- 
tinental glaciation in the latest Ordovician was cen- 
tered on the African portion of Gondwana, in a south- 
polar position (Brenchley et al., 1991, fig. 1). 

The biotas within these deposits in the east-central 
United States are of particular importance for several 
reasons. Stratigraphic and geographic distributions of 
various groups must be determined in order to estab- 
lish a means for reliable age determination and cor- 
relation in regions where graptolites used to define the 
systemic boundary are absent (see Bergstro6m and Bou- 
cot, 1988). The major mass extinction during latest 
Ordovician time may have been the second largest in 
the Phanerozoic (Sepkoski, 1986). This mass extinc- 
tion and subsequent recovery in the Early Silurian have 
been related to global climatic, eustatic, and oceano- 
graphic changes (e.g., Brenchley, 1989). In order to 
understand fully the patterns and processes of these 
bioevents, much remains to be learned at the species 
level in an accurate framework of time, environment, 
and biogeography. Data from cratonic interiors are 
essential because of the importance of “‘perched fau- 
nas” in the extensive epeiric seas that were character- 
istic of the Paleozoic (see Sheehan, 1988). Evolution 
and extinction in these faunal realms seem to have 
been related to the recurrent transgressions and re- 
gressions in cratonic areas. Faunal groups in the up- 
permost Ordovician to lowermost Silurian of the east- 
central United States that are best known are the bra- 
chiopods (e.g., Amsden, 1974, 1986), conodonts (e.g., 
Thompson and Satterfield, 1975; Barrick, 1986), and 
corals (see below). 

The distinctive assemblage of solitary and colonial 
corals that occurs in Gamachian to lower Lower Llan- 
dovery (lower Rhuddanian) strata of the east-central 
United States has been termed the Edgewood Assem- 
blage (see Elias and Young, 1992; Text-fig. 1A, detail 
map). The subclasses Rugosa Milne-Edwards and 
Haime and Tabulata Milne-Edwards and Haime are 
represented. The only coral known from the imme- 
diately underlying Richmondian beds in this region is 
Salvadorea randi (Elias), a solitary rugosan; it is not 
related to any Edgewood species. The Edgewood As- 


semblage is succeeded by an assemblage of Silurian 
rugose and tabulate corals in upper Lower Llandovery 
(upper Rhuddanian) strata. Our present comprehen- 
sive study of the Tabulata and colonial Rugosa in these 
deposits forms a companion to the work on solitary 
Rugosa by Elias (1982, 1992) and McAuley and Elias 
(1990). Together, these publications comprise the first 
thorough examination of an entire coral fauna from 
the latest Ordovician to earliest Silurian. 

In this monograph we precisely document the full 
stratigraphic and geographic distribution of the Edge- 
wood colonial corals, consider their biostratigraphic 
and biogeographic significance, and investigate their 
taphonomy, paleoecology, and intraspecific variabil- 
ity. Colonial corals of the succeeding Silurian assem- 
blage in the study region are also documented because 
of their importance in delineating the stratigraphic lim- 
its of the Edgewood Assemblage and in interpreting 
the history of events, both biological and physical. With 
this information, we contribute to the knowledge of 
corals during this critical time interval, and to the so- 
lution of geologic problems such as the age, correlation, 
and depositional environment of units and the effects 
and timing of sea-level changes. Syntheses based on 
the entire solitary and colonial coral fauna in upper- 
most Ordovician to lowermost Silurian strata of the 
east-central United States have been and will be pre- 
sented elsewhere (e.g., Elias and Young, 1992). 

Strata containing corals of the Edgewood Assem- 
blage are exposed in six outcrop areas (Text-fig. 1A, 
detail map, foldout inside front cover). The region of 
the east-central United States in which this particular 
assemblage occurs has been named the Edgewood 
Province (Elias, 1982). We selected 32 stratigraphic 
sections for examination in this study. They provide 
representative geographic coverage of the interval con- 
taining Edgewood corals, as well as some exposure of 
the immediately underlying and overlying beds. All 
sections have been described in previous literature, and 
fossils have been listed from most (see Appendix, pp. 
104-106). Each stratigraphic section, as well as a bulk 
rock sample provided by W. W. Craig from the section 
in north-central Arkansas, was thoroughly examined 
for colonial coralla. All specimens seen were collected; 
they were found at 24 sections. Additional material 
from some of these, as well as other sections, was in- 
corporated into our study from collections made by R. 
J. Elias and R. J. McAuley in Oklahoma and south- 
eastern Missouri, by A. F. Foerste in southern Illinois, 
by T. E. Savage in southern and northeastern Illinois 
and northeastern Missouri, and by H. F. Crooks in 
northeastern IIlinois. 

A total of 324 colonial coralla of the Edgewood As- 
semblage and 37 from the Silurian assemblage are 
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identified to the species level and documented here. 
Their abundance within collection intervals in the 
stratigraphic sections we studied was estimated qual- 
itatively, taking into account the absolute number of 
specimens, thickness and lateral extent of the interval, 
and quality of the exposure. Ranges in number of cor- 
alla for each abundance category are as follows: rare, 
1-2; uncommon, 2-6; common, 4—19; and abundant, 
11-50. 

Colonial coralla from elsewhere in North America 
were examined for comparative purposes as necessary. 
We studied one specimen from the Hudson Bay Low- 
land of Manitoba, six from southern Ontario, six from 
the Gaspé Peninsula of Québec, and ten from Anticosti 
Island, Québec. 
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DISTRIBUTION OF COLONIAL CORALS 
INTRODUCTION 


Uppermost Ordovician to lowermost Silurian de- 
posits containing corals of the Edgewood Assemblage 
occur in six outcrop areas in the east-central United 
States (Text-fig. 1A, foldout inside front cover). 
McAuley and Elias (1990, pp. 9-23) discussed the lith- 
ostratigraphy, biota, age, and paleoenvironment for 
each area (see also Elias, 1992). The history of study 
and the distribution of colonial corals in these areas 
are documented below. 


SOUTH-CENTRAL OKLAHOMA 


Uppermost Ordovician to lowermost Silurian stra- 
tigraphy in this area is shown in Text-figure 2. Corals 
are not known to occur in the Sylvan Shale. Colonial 
corals identified as Lyellia thebesensis Foerste and Hal- 
ysites catenularia (Linnaeus) were listed from the Ideal 
Quarry Member of the Keel Formation by Maxwell 
(1936, p. 49, table 1; unit referred to as Hawkins Lime- 
stone therein). The following have been reported pre- 
viously from odlites of the Keel Formation: Favosites 
niagarensis Hall (Reeds, 1911, p. 259: upper odlitic 
zone, odlitic member, Chimneyhill Limestone there- 
in); L. thebesensis, H. catenularia, Favosites favosus 
(Goldfuss), and Favosites sp. (Maxwell, 1936, table 2): 
and Halysites sp. (Amsden, 1957, p. 15; 1960, p. 44). 

Paleofavosites subelongus (Savage) was the only spe- 
cies recovered from the Ideal Quarry Member of the 
Keel Formation during the present study. We found 
the following in the Brevilamnulella beds of the Keel: 
Propora thebesensis (Foerste), Protaraea sp. A, Hal- 
ysites alexandricus n. sp., Catenipora lawrencica n. sp., 
P. subelongus, and Aulopora sp. A. The colonial rugose 
corals that McAuley and Elias (1990, p. 8) reported 
seeing in the Brevilamnulella beds may have been cor- 
alla of P. subelongus with prominent septal spines. 
From o6lites in the lower Keel Formation (Section- 
intervals 23-2a, 23-3, 25-1), we obtained P. thebes- 
ensis, Propora savagei n. sp., H. alexandricus, P. sub- 
elongus, and Palaeophyllum sp. The only colonial coral 
we discovered in an odlite of the upper Keel (Section- 
interval 24-3) is H. alexandricus. Coralla were not ob- 
served in the Keel at Section 22 (Cedar Village). 

From the Cochrane Formation, Favosites favosus was 
listed by Reeds (1911, table 2; glauconitic member, 
Chimneyhill Limestone therein), and that species as 
well as Halysites catenularia were identified by Max- 
well (1936, p. 59, table 3). In the lower Cochrane, we 
found only Paleofavosites adaensis n. sp. The distri- 
bution of corals in the Keel and Cochrane formations, 
based on collections made during the present study, is 
shown in Text-figure 2. 
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Text-figure 2.— Locality map (A) and stratigraphic sections (to scale) in south-central Oklahoma (see Text-fig. 1A, foldout inside front cover). 
For legend, see Text-figure 1B. B. = Brevilamnulella. Occurrences of species in Brevilamnulella beds (Section-interval 23-2) and in odlite 
lateral to Brevilamnulella beds (Section-interval 23-2a) are indicated by abundance symbols on left and right sides, respectively, of range lines 
beside those intervals. For references and precise locations of sections, see Appendix (p. 104). 


The Pettit Formation is a thin o6litic unit that occurs 
locally in northeastern Oklahoma (Amsden, 1980, pp. 
23, 24). Identifiable fossils have not been recovered 
from this formation, and correlation with the Keel 
Formation is tentative. Colonial coralla were not found 
in Our examination of a bulk rock sample from the 
Pettit at section Ch4 of Amsden and Rowland (1965, 
pp. 24, 95, 96, fig. 7, pl. B), located about 100 m north 
of the type section near Qualls (see Text-fig. 1A, detail 
map, foldout inside front cover). 
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SECTION 33 
(BUFFALO RIVER) 


Text-figure 3.— Locality map (B) and stratigraphic section in west- 
ern north-central Arkansas (see Text-fig. 1A, foldout inside front 
cover). For legend, see Text-figure 1B. For references and precise 
location of section, see Appendix (p. 104). 


WESTERN NORTH-CENTRAL ARKANSAS 


Lemastus (1979, pp. 42, 88) noted the presence of 
silicified corals in uppermost layers of the Cason Shale 
at Section 33 (Buffalo River). McAuley and Elias (1990, 
p. 10) reported a halysitid from those strata. The latter 
corallum, which we identify as Halysites alexandricus, 
occurs in chert that represents a silicified odlite (Text- 
fig. 3). We did not observe corals in the Cason “‘Brass- 
field’’ Limestone above the Cason Shale at Section 33. 
Maher and Lantz (1952, pp. 5, 6) reported unidenti- 
fiable solitary corals, but no colonial forms, from the 
‘“‘Brassfield”’ at a locality about 3 km to the east. 

The Cason Shale at Section 33 (Buffalo River) has 
been correlated with the Cason Odlite at St. Clair Spring 
in eastern north-central Arkansas (see McAuley and 
Elias, 1990, pp. 9, 10, 55, fig. 3; Text-fig. 1A, detail 
map, foldout inside front cover). We did not find co- 
lonial coralla in the odlitic unit at that locality. 


SOUTHERN ILLINOIS AND SOUTHEASTERN MISSOURI 


Uppermost Ordovician to lowermost Silurian stra- 
tigraphy in this area is shown in Text-figure 4. Corals 
are not known to occur in the Girardeau Limestone, 
and colonial forms are not known from the Orchard 
Creek Shale. The following colonial corals have been 
identified previously from the Leemon Formation at 
or near Section 31 (Thebes North): undetermined He- 
liolites Dana (Worthen, 1866, p. 127; unit referred to 
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Text-figure 4.— Locality map (C) and stratigraphic sections (to scale) in southern Illinois and southeastern Missouri (see Text-fig. 1A, foldout 
inside front cover). For legend, see Text-figure 1B. For references and precise locations of sections, see Appendix (p. 104); for information on 


Sexton Creek corals in Alexander County, see text. 


as lowermost Clear Creek Limestone therein); Lyellia 
thebesensis (Foerste, 1909, p. 95); and L. thebesensis, 
Calvinia edgewoodensis Savage, Favosites subelongus 
Savage, and Calapoecia favositoidea Savage (Savage, 
1913, pp. 20, 24; 1917, pp. 78, 82; Edgewood For- 
mation therein). Lyellia thebesensis and C. edgewood- 
ensis have been reported from the Leemon at the Gale 
Section (Savage, 1913, p. 21; 1917, p. 79; Edgewood 
Formation therein). They were referred to as Plas- 
mopora thebesensis (Foerste) and Heliolites? edge- 
woodensis in Savage (1910, p. 333). 

Based on studies of our own collections as well as 
those of Foerste and of Savage, we recognize the fol- 
lowing species in the Leemon Formation: Propora the- 
besensis, Propora savagei, Propora speciosa (Billings), 
Acidolites sp. A, Halysites alexandricus, Paleofavosites 
subelongus, and Rhabdotetradium sp. A. Calvinia ed- 
gewoodensis is a synonym of P. speciosa (see Discus- 
sion, pp. 60, 61), and Calapoecia favositoidea is a syn- 
onym of P. subelongus (see Discussion, p. 87). The 
distribution of these corals is shown in Text-figure 4. 


We did not find colonial coralla in the Leemon at 
Section 19 (New Wells). 

Favosites favosus and Halysites catenulatus [sic] 
(Linnaeus) were identified previously from the Sexton 
Creek Limestone at a locality 5.8 km south of Section 
31 (Thebes North) (Savage, 1913, p. 16; 1917, p. 74). 
We recognize the following colonial corals in Savage’s 
collections from that unit in Alexander County, Illi- 
nois: Propora sp. A, Halysites sp. cf. H. alexandricus, 
Halysites? sp. A, and Paleofavosites adaensis (Text-fig. 
4). Specimens were not found during our examination 
of the lower Sexton Creek at Section 19 (New Wells) 
or Section 20 (Short Farm). 

Birkhead (1967, p. 28) reported Halysites sp., He- 
liolites sp., and Lyellia sp. from two localities in Cape 
Girardeau County, Missouri. The strata were assigned 
to the Sexton Creek Formation at one locality and to 
the Cyrene Member of the Edgewood Formation at the 
other. His photograph of the latter locality, showing 
irregular beds of chert (Birkhead, 1967, fig. 5), suggests 
that it is also Sexton Creek Limestone. Illustrations of 
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coralla from that locality, identified by Birkhead as 
Lyellia sp. (Birkhead, 1967, pl. 4, figs. 4a, 4b) and 
Heliolites sp. (Birkhead, 1967, pl. 4, figs. 5a, 5b), show 
a probable Propora Milne-Edwards and Haime and a 
questionable representative of the family Coccoseri- 
didae Kiaer, respectively. The specimens have not been 
located (Carter, oral commun., 1992). 


WEST-CENTRAL ILLINOIS AND 
NORTHEASTERN MISSOURI 


Uppermost Ordovician to lowermost Silurian stra- 
tigraphy in this area is shown in Text-figure 5. Corals 
are not known from the Maquoketa Shale in west- 
central Illinois and northeastern Missouri. The follow- 
ing colonial (or possibly colonial) corals have been 
identified previously from strata that represent the 
combined Noix Limestone and Bryant Knob Forma- 
tion in northeastern Missouri: Acervularia Davidsoni? 
[sic] Milne-Edwards and Haime (Swallow, 1855, p. 
107; unit referred to as Odlitic Limestone therein); 
Halysites catenulata [sic] (Linnaeus), Favosites sp? [sic], 
and Cyathophyllum sp? [sic] (Rowley, 1908, p. 23; 06- 
litic limestone therein); and Lyellia thebesensis, Hal- 
ysites catenulatus [sic], Favosites subelongus, and Ca- 
lapoecia favositoidea (Savage, 1913, p. 24; 1917, p. 82; 
Noix OGlite therein). Halysites Fischer von Waldheim 
has been noted in blocks considered to be from the 
Noix Limestone (Amsden, 1974, fig. 9). The following 
have been identified from strata that represent the 
combined Cyrene Formation and Bowling Green Do- 
lomite in northeastern Missouri: Lyellia? sp? [sic], H. 
catenulata, Favosites sp? [sic], Columnaria sp? [sic], 
and Cyathophyllum sp? [sic] (Rowley, 1908, p. 23; 
brown, earthy limestone therein); and L. thebesensis, 
F. subelongus, and C. favositoidea (Savage, 1913, p. 
24; 1917, p. 82; Edgewood Formation therein). Lyellia 
thebensis [sic] (Foerste) was listed from the Bowling 
Green in west-central Illinois by Rubey (1952, p. 170). 

Our understanding of colonial corals and their dis- 
tribution in this area is based on collections made dur- 
ing the present study (Text-fig. 5), and on our exami- 
nation of material collected by T. E. Savage (University 
of Illinois at Urbana-Champaign collection). We have 
not found colonial coralla in the Noix Limestone. Pa- 
leofavosites subelongus is the only species known from 
the unnamed member of the Bryant Knob Formation. 
The following are present in the Kissenger Limestone 


— 


Member of the Bryant Knob: Propora thebesensis, Pro- 
pora savagei, Halysites alexandricus, Catenipora law- 
rencica, P. subelongus, and Palaeophyllum sp. Cala- 
poecia favositoidea is a synonym of P. subelongus (see 
Discussion, p. 87). We obtained P. subelongus from the 
Cyrene Formation at Section 13 (Bowling Green). The 
only colonial coral known from the Bowling Green 
Dolomite is Paleofavosites sp. cf. P. ivanovi Sokolov. 
In Savage’s collections made near Edgewood, Mis- 
souri (see Text-fig. 5, locality map), we identify the 
colonial corals Propora thebesensis, Propora savagei, 
Plasmopora sp. cf. P. logani Young and Noble, and 
Paleofavosites subelongus. All are considered to be from 
the Cyrene Formation, and not from the Bowling Green 
Dolomite. This is based on statements by Savage (1913, 
pp. 22, 64, 65; 1917, pp. 80, 114, 115), on the lithology 
of matrix adhering to one specimen, on the absence of 
these species in known Bowling Green beds, on the 
presence of P. subelongus in known Cyrene strata, and 
on the occurrence of P. thebesensis, P. savagei, and P. 
subelongus in the Bryant Knob Formation, which to- 
gether with the Noix Limestone is a lateral equivalent 
of the Cyrene (see McAuley and Elias, 1990, p. 15). 


NORTHEASTERN ILLINOIS 


Uppermost Ordovician to lowermost Silurian stra- 
tigraphy in this area is shown in Text-figure 6. Corals 
are not known from the Maquoketa Group in north- 
eastern Illinois. The following colonial corals have been 
identified previously from the Wilhelmi Formation at 
Section 37 (Essex): Halysites catenulatus [sic] and Fa- 
vosites cf. niagarensis (Savage, 1912, p. 100; 1913, p. 
29: 1917, p. 87; unit referred to as Essex Limestone 
therein); and Lyellia cf. thebesensis and F. niagarensis 
(Athy, 1928, p. 40; Essex Limestone therein). From 
loose blocks of the Wilhelmi at that section, we re- 
covered Halysites alexandricus, Paleofavosites sub- 
elongus, and Aulopora sp. A. One poorly preserved 
favositid corallum, referred to as Paleofavosites sp. in- 
det., was found in the upper portion of the Schweizer 
Member of the Wilhelmi Formation at Section 4 
(Schweizer West). 

Savage (1914, p. 31) identified Lyellia thebesensis 
from 3.2 km and 5.6 km south of Channahon, Illinois 
(see Text-fig. 6, locality map). We have studied his 
collections from the former locality, and recognize Pro- 


Text-figure 5.—Locality map (D) and stratigraphic sections (to scale) in west-central Illinois and northeastern Missouri (see Text-fig. 1A, 
foldout inside front cover). For legend, see Text-figure 1B. Gam. = Gamachian. Abundance symbols on left and right sides of range line for 
Palaeophyllum sp. at Section 14 (Higginbotham Farm) refer to Section-intervals 14-2 and 14-1, respectively. For references and precise 


locations of sections, see Appendix (pp. 104, 105). 
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pora thebesensis, Halysites alexandricus, and Paleo- 
favosites subelongus. They are considered to be from 
the Wilhelmi Formation. The matrix of one specimen 
contains a corallum of the solitary rugosan Streptelas- 
ma subregulare (Savage), which is restricted to the Wil- 
helmi in this area (see McAuley and Elias, 1990, p. 20, 
fig. 7). 

From the Elwood Formation, we recovered Propora 
sp. aff. P. affinis (Billings) and Paleofavosites sp. A. The 
distribution of colonial corals found in the Wilhelmi 
and Elwood formations during the present study is 
shown in Text-figure 6. We did not observe colonial 
coralla in the Wilhelmi at Section 3 (Garden Prairie), 
or in the Wilhelmi and lower Elwood at Section 34 
(Belvidere South). 


NORTHWESTERN ILLINOIS AND EASTERN IOWA 


Uppermost Ordovician to lowermost Silurian stra- 
tigraphy in this area is shown in Text-figure 7. Colonial 
corals are not known from the Brainard Shale 1n north- 
western Illinois and eastern Iowa. In the Mosalem For- 
mation at Section 32 (Thomson East), Pycnostylus? sp. 
was previously identified from the fill of small, local 
channels (McAuley and Elias, 1990, p. 22, fig. 9; Sec- 
tion-interval 32-1b). We document it as Pycnostylus 
sp. A. The presence of tabulate corals in a bed on the 
old quarry floor was reported by McAuley and Elias 
(1990, p. 22; Section-interval 32-1z). We obtained Pro- 
pora thebesensis, Halysites alexandricus, and Paleo- 
favosites subelongus from that coral-rich bedding sur- 
face, which appears to be at about the same strati- 
graphic position as the top of the channels. Propora 
thebesensis, Propora speciosa, and Paleofavosites sp. cf. 
P. subelongus were found in the upper Mosalem, above 
the filled channels (Section-interval 32-1c). At Section 
10 (Lost Mound), Paleofavosites adaensis occurs near 
the top of the Mosalem. The distribution of these corals 
is shown in Text-figure 7. 

We found poorly preserved specimens, identified as 
favositid sp. indet., 3.3 m below the top of the Mosalem 
Formation at both Section 8 (King) and Section 30 
(Thomson Northeast). Colonial coralla were not ob- 
served in the Mosalem at Section 9 (Winston), Section 
11 (Schapville), Section 12 (Stockton), or Section 26 
(Bellevue). 


COLONIAL CORAL ASSEMBLAGES 


The stratigraphic and geographic distribution of co- 
lonial corals in uppermost Ordovician to lowermost 
Silurian sequences within the east-central United States 


is Summarized in Text-figure 8 (foldout inside back 
cover). We recognize two assemblages. The Edgewood 
Assemblage (Table 1) includes colonial corals repre- 
senting 13 species and 11 genera. Tabulates of five 
orders account for over 95% of specimens; the re- 
mainder are colonial rugosans of a single order. A total 
of 84% of specimens belong to the following three spe- 
cies: Paleofavosites subelongus, Propora thebesensis, and 
Halysites alexandricus. In addition to being numeri- 
cally dominant, these species are also the most widely 
distributed; H. alexandricus occurs in all six outcrop 
areas. Stratigraphically, the Edgewood Assemblage is 
situated above Upper Ordovician Richmondian beds 
that are not known to contain colonial corals in the 
study region. 

The Edgewood Assemblage is succeeded by a Silu- 
rian assemblage that includes tabulates belonging to 
Propora, Halysites, and Paleofavosites Twenhofel (Ta- 
ble 2). Although these genera are represented in both 
the Silurian and Edgewood assemblages, the charac- 
teristic species are different. Paleofavosites adaensis is 
the most widely distributed Silurian form, occurring 
in south-central Oklahoma as well as southern and 
northwestern Illinois. Ha/ysites sp. cf. H. alexandricus 
and Paleofavosites sp. cf. P. subelongus of the Silurian 
assemblage are comparable to Edgewood taxa. Colo- 
nial corals of the Edgewood and Silurian assemblages 
are known to co-occur at only one locality, Section 32 
(Thomson East) (see Text-fig. 7). There, Propora thebes- 
ensis and Propora speciosa are found with Paleofavo- 
sites sp. cf. P. subelongus in the upper Mosalem For- 
mation. Paleofavosites adaensis, which is characteristic 
of the Silurian assemblage, is present in the upper Mos- 
alem at Section 10 (Lost Mound). 

It is noteworthy that solitary rugose corals of the 
Silurian assemblage represent different genera from 
those in the Edgewood Assemblage (McAuley and Eli- 
as, 1990, table 1). Rugosan species of the two assem- 
blages are not known to co-occur (Elias, 1992, p. 120). 


AGE OF UNITS AND REGIONAL 
CORRELATION 


The age and correlation of uppermost Ordovician 
to lowermost Silurian strata in the east-central United 
States are summarized in Text-figure 8 (foldout inside 
back cover). The evidence, based on brachiopods, con- 
odonts, corals, graptolites, lithology, stratigraphic po- 
sition, and sea-level curves, has been discussed in de- 
tail by McAuley and Elias (1990), Elias and Young 


— 


Text-figure 6.—Locality map (E) and stratigraphic sections (to scale) in northeastern Illinois (see Text-fig. 1A, foldout inside front cover). 
For legend, see Text-figure 1B. For references and precise locations of sections, see Appendix (p. 105). 
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Text-figure 7.—Locality map (F) and stratigraphic sections (to scale) in northwestern Illinois and eastern Iowa (see Text-fig. 1A, foldout 
inside front cover). For legend, see Text-figure 1B. Gam. = Gamachian. Occurrences of species in Section-interval 32-1z are indicated by 


abundance symbols on left sides of range lines beside that interval. For references and precise locations of sections, see Appendix (pp. 105, 
106). 


ORDOVICIAN-SILURIAN COLONIAL CORALS: YOUNG AND ELIAS 7; 


Table 1.—Colonial corals of the Edgewood Assemblage, relative abundance based on all identified specimens (n = 324), and distribution 
in outcrop areas within the east-central United States. Specimens are individual coralla except for two of the three specimens of Aulopora sp. 
A, which appear to include several coralla, and the eight specimens of Pycnostylus sp. A, each of which includes several dissociated corallites. 
A = south-central Oklahoma, B = western north-central Arkansas, C = southern Illinois and southeastern Missouri, D = west-central Illinois 
and northeastern Missouri, E = northeastern Illinois, F = northwestern Illinois and eastern Iowa (see Text-fig. 1A, foldout inside front cover); 


x indicates an occurrence. 


relative 
taxa abundance 
Subclass Tabulata 95.6% 
Order Heliolitida 33.5% 
Family Proporidae 
Propora thebesensis 25.9% 
Propora savagei 4.9% 
Propora speciosa 1.2% 
Family Plasmoporidae 
Plasmopora sp. cf. P. logani 0.3% 
Family Coccoserididae 
Acidolites sp. A 0.3% 
Protaraea sp. A 0.9% 
Order Halysitida 15.5% 
Family Halysitidae 
Halysites alexandricus 13.3% 
Catenipora lawrencica 2.2% 
Order Favositida 44.8% 
Suborder Favositina 
Superfamily Favositicae 
Family Favositidae 
Subfamily Favositinae 
Paleofavosites subelongus 44.8% 
Order Auloporida 0.9% 
Superfamily Auloporicae 
Family Auloporidae 
Aulopora sp. A 0.9% 
Order Tetradiida 0.9% 
Family Tetradiidae 
Rhabdotetradium sp. A 0.9% 
Subclass Rugosa 4.4% 
Order Stauriida 4.4% 
Suborder Stauriina 
Family Stauriidae 
Palaeophyllum sp. 1.9% 
Family Pycnostylidae 
Pycnostylus sp. A 2.5% 


distribution 

A B G D E F 

— x x x 
x _— x — —S 
— _— — x _— — 
—_ —_ x _ — —_ 
x = = = — = 

x x x x 
x — x x x x 
x _— = = x — 


(1992), and Elias (1992). Here, we consider the bio- 
stratigraphic significance of colonial corals in the Edge- 
wood and Silurian assemblages. 

Two of the Edgewood proporids are known to occur 
outside the east-central United States. Propora the- 
besensis is present in the Ellis Bay Formation (upper- 
most Ordovician, Gamachian, to possibly lowermost 
Silurian, Lower Llandovery, lowermost Rhuddanian) 
and in the overlying Becscie Formation (Rhuddanian) 
on Anticosti Island, Québec (see Discussion, p. 53). It 
may also occur in the Grande Coupe beds (Upper Or- 
dovician, Ashgill, pre-Hirnantian) of the Matapédia 
Group on the Gaspé Peninsula, Québec, and in the 
Manitoulin Formation (Rhuddanian) of southern On- 
tario. Propora speciosa is found in the Ellis Bay For- 


mation and possibly in the Grande Coupe beds (see 
Discussion, pp. 60, 61). It may also be present in the 
Tsagan-Del beds (Ashgill) of Mongolia, and in the Por- 
kuni Stage (Hirnantian; 7.e., upper Gamachian) of Es- 
tonia. The Edgewood favositid Paleofavosites subelon- 
gus possibly occurs in basal strata of the Becscie For- 
mation (see Discussion, p. 87). Thus, tabulate corals 
are consistent with the interpretation that strata con- 
taining the Edgewood Assemblage in the east-central 
United States are Gamachian to early Rhuddanian in 
age. 

In northeastern Illinois, colonial corals of the Silu- 
rian assemblage appear in the lower Elwood Formation 
(see Text-fig. 6). This is above a bed in the underlying 
Wilhelmi Formation that contains Early Llandovery 
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Table 2.—Colonial corals of the Silurian assemblage in the study 
region, east-central United States. 


Subclass Tabulata 
Order Heliolitida 
Family Proporidae 
Propora thebesensis 
Propora speciosa 
Propora sp. aff. P. affinis 
Propora sp. A 
Order Halysitida 
Family Halysitidae 
Halysites sp. cf. H. alexandricus 
Halysites? sp. A 
Order Favositida 
Suborder Favositina 
Superfamily Favositicae 
Family Favositidae 
Subfamily Favositinae 
Paleofavosites adaensis 
Paleofavosites sp. cf. P. subelongus 
Paleofavosites sp. cf. P. ivanovi 
Paleofavosites sp. A 


graptolites possibly representing the earliest Rhuddan- 
ian Parakidograptus acuminatus Zone (Ross, 1962; 
Berry and Boucot, 1970, p. 145). The Platymerella 
manniensis brachiopod zone, which is considered to 
mark the Middle Llandovery (Berry and Boucot, 1970, 
pl. 2), begins in the upper Elwood (Willman, 1973, p. 
14). In eastern Iowa, Early Llandovery graptolites in 
a bed near the base of the Mosalem Formation ap- 
parently represent the same zone as those in the Wil- 
helmi (Ross, 1964). The Mosalem as well as overlying 
strata have been placed in the Rhuddanian on the basis 
of correlations involving sea-level curves (Johnson et 
al., 1985, fig. 5). Colonial corals characteristic of the 
Silurian assemblage appear in the upper Mosalem of 
northwestern Illinois, which has been correlated with 
the lower Elwood on the basis of solitary corals and 
stratigraphic position (McAuley and Elias, 1990, p. 
26). We conclude that colonial corals of the Silurian 
assemblage appeared in the east-central United States 
during late Rhuddanian time, and underlying Silurian 
strata containing corals representing only the Edge- 
wood Assemblage are early Rhuddanian in age. 

A total of 11 of the 13 colonial coral species in the 
Edgewood Assemblage are known from Gamachian 
strata of the Leemon Formation in southern Illinois 
and southeastern Missouri, the Cason Shale in western 
north-central Arkansas, and the lower Keel Formation 
in south-central Oklahoma (/.e., excluding Section-in- 
terval 24-3; see Text-fig. 2): Propora thebesensis, Pro- 
pora savagei, Propora speciosa, Acidolites sp. A, Pro- 
taraea sp. A, Halysites alexandricus, Catenipora law- 
rencica, Paleofavosites subelongus, Aulopora sp. A, 


Rhabdotetradium sp. A, and Palaeophyllum sp. We 
consider them to have appeared in the east-central 
United States during latest Ordovician time. Three of 
the species, P. thebesensis, H. alexandricus, and P. sub- 
elongus, are known to range into the early Rhuddanian, 
when Pycnostylus sp. A appeared. These colonial corals 
occur in Section-intervals 32-1z and 32-1b of the Mos- 
alem Formation (see Text-fig. 7), in association with 
the characteristic Edgewood solitary rugosan Strepte- 
lasma subregulare (see McAuley and Elias, 1990, p. 
22; Elias, 1992, p. 120). Their stratigraphic position 
projects above a bed containing Early Llandovery grap- 
tolites near the base of the Mosalem at Section 26 
(Bellevue) (see Elias, 1992, fig. 6). 

In northeastern Missouri, the Edgewood species Pro- 
pora thebesensis, Propora savagei, Plasmopora sp. cf. 
P. logani, and Paleofavosites subelongus occur in the 
Cyrene Formation near Edgewood, but their strati- 
graphic positions within the unit are unknown. The 
lower to middle portion of this formation is Gama- 
chian, but the upper part may be Early Llandovery (see 
McAuley and Elias, 1990, pp. 17, 25, 26). Therefore, 
it is uncertain whether Plasmopora sp. cf. P. logani 
appeared during the latest Ordovician or the earliest 
Silurian. We consider specimens of P. subelongus from 
Section-interval 13-0 near the base of the Cyrene to 
be Gamachian (see Text-fig. 5). They occur below an 
interval containing the conodont Noixodontus girar- 
deauensis (Satterfield) (see Thompson and Satterfield, 
1975, fig. 11), which indicates a latest Ordovician age 
(see Barrick, 1986, pp. 64, 66). Strata of the Bryant 
Knob Formation that contain corals of the Edgewood 
Assemblage are tentatively considered to be Early 
Llandovery, although a Gamachian age cannot be ruled 
out (see McAuley and Elias, 1990, pp. 17, 26). There- 
fore, coralla of P. subelongus in the unnamed member 
and P. thebesensis, P. savagei, Halysites alexandricus, 
Catenipora lawrencica, P. subelongus, and Palaeo- 
phyllum sp. in the Kissenger Limestone Member are 
questionably early Rhuddanian. 

In northeastern Illinois, we recovered a single co- 
lonial corallum from the sequence through the Wil- 
helmi Formation at Section 4 (Schweizer West) and 
Section 5 (Schweizer North). It was found in Section- 
interval 4-2, a small distance above a bed that contains 
Early Llandovery graptolites possibly representing the 
earliest Rhuddanian Parakidograptus acuminatus Zone 
(see Text-fig. 6). The coral is therefore assigned a Si- 
lurian age, but unfortunately can only be identified as 
Paleofavosites sp. indet. The characteristic Edgewood 
solitary rugosan Streptelasma subregulare is known to 
occur below the graptolite bed, and it is possible that 
those strata are Gamachian (see Elias, 1992, p. 118, 
fig. 4). The Edgewood colonial species Propora the- 
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besensis, Halysites alexandricus, Paleofavosites sube- 
longus, and Aulopora sp. A are known from the Wil- 
helmi at other localities, but their stratigraphic posi- 
tions with respect to the graptolite bed at Section 4 are 
unknown. These coralla are early Rhuddanian or ques- 
tionably Gamachian in age. 

The Bowling Green Dolomite of west-central Illinois 
and northeastern Missouri has been correlated with 
the lower Elwood Formation of northeastern Illinois, 
which is considered to be late Rhuddanian in age. Cor- 
relation of these strata is based on their position be- 
tween units containing Edgewood Assemblage corals 
(below) and the Platymerella manniensis Zone (above), 
and on the occurrence in these strata of corals repre- 
senting the Silurian assemblage (see McAuley and Eli- 
as, 1990, p. 26). Paleofavosites sp. cf. P. ivanovi, the 
only colonial coral known from the Bowling Green, is 
therefore considered to be late Rhuddanian. As is the 
case for corals, there appears to be a significant differ- 
ence in brachiopod assemblages between the Bowling 
Green Dolomite and the underlying Bryant Knob For- 
mation (see Stanton et a/., 1990). 

The lower part of the Sexton Creek Limestone in 
southern Illinois and southeastern Missouri could be 
the same age as the Bowling Green Dolomite in west- 
central Illinois and northeastern Missouri (i.e., Early 
Llandovery, late Rhuddanian). Both contain cono- 
donts representing the Pa/todus dyscritus fauna 
(Thompson and Satterfield, 1975, figs. 6, 7, 9, 11-15) 
and solitary rugose corals of the Silurian assemblage 
(McAuley and Elias, 1990, p. 26). Stricklandia protri- 
plesiana (Amsden) has been identified from the Sexton 
Creek by Amsden (1974, p. 24; 1986, p. 26; 1988, p. 
26). The presence of this brachiopod suggests a younger 
age (Late Llandovery, C,_,), but its stratigraphic po- 
sition within the formation is not known. The colonial 
corals Propora sp. A, Halysites sp. cf. H. alexandricus, 
Halysites? sp. A, and Paleofavosites adaensis occur in 
the Sexton Creek. They represent the Silurian assem- 
blage, but their stratigraphic positions are unknown. 
Paleofavosites adaensis is also present in the upper 
Mosalem Formation of northwestern Illinois, suggest- 
ing correlation with those strata, which are considered 
to be late Rhuddanian. An upper limit on the range of 
P. adaensis, however, has not been established. The 
lower Sexton Creek is questionably assigned a late 
Rhuddanian age. 

In the upper Keel Formation of south-central Okla- 
homa (Section-interval 24-3; see Text-fig. 2), the Edge- 
wood colonial coral Halysites alexandricus occurs with 
the solitary rugosan Streptelasma subregulare (see Eli- 
as, 1992, p. 114, fig. 2). A conodont fauna of general 
Silurian aspect that appears in the same bed was con- 
sidered to be Llandovery by Barrick (1986, p. 67), 


although a latest Ordovician age cannot be ruled out 
(see Bergstrom and Boucot, 1988, pp. 278, 279; 
McAuley and Elias, 1990, pp. 8, 9). Therefore, we con- 
sider the corallum of H. alexandricus from that interval 
to be of questionable early Rhuddanian age. In the 
east-central United States, the change in conodont fau- 
nas from those of Ordovician to those of Silurian aspect 
occurred during the range of the Edgewood coral as- 
semblage, prior to the appearance of corals represent- 
ing the Silurian assemblage. 

Basal strata of the Cochrane Formation in south- 
central Oklahoma are evidently diachronous. Cono- 
donts at the base of the formation, including those at 
Section 21 (Rock Crossing) and Section 23 (Lawrence 
Quarry), were considered to be Llandovery (position 
uncertain) by Barrick (1986, pp. 57, 64, 67). At Section 
21, the characteristic Edgewood solitary rugosan Strep- 
telasma subregulare occurs in the basal Cochrane (Eli- 
as, 1992, p. 114, fig. 2); unfortunately, we did not find 
colonial corals in the lower Cochrane at that locality. 
Assuming those strata are Llandovery (and not Ga- 
machian), an early Rhuddanian age is indicated. Pa- 
leofavosites adaensis, the only colonial coral known 
from the lower Cochrane, represents the Silurian as- 
semblage. It occurs at Section 23 and Section 35 (Henry 
House Falls), where solitary rugose corals in the basal 
Cochrane also represent the Silurian assemblage (see 
McAuley and Elias, 1990, p. 26, fig. 2; Elias, 1992, pp. 
114, 115, fig. 2). The presence of P. adaensis suggests 
correlation with the upper Mosalem Formation of 
northwestern Illinois and the Sexton Creek Limestone 
of southern Illinois, and an age of late Rhuddanian (or 
possibly younger). 


BIOGEOGRAPHY AND EVENTS 
EDGEWOOD PROVINCE 


The Edgewood Assemblage of colonial corals is 
strikingly different from typical Late Ordovician Rich- 
mondian assemblages in the North American cratonic 
interior, such as those known from the Richmondian 
Stage in Kentucky—Indiana—Ohio, the Cutter Dolomite 
in southern New Mexico—westernmost Texas, the Stony 
Mountain Formation in southern Manitoba, and the 
Churchill River Group in northeastern Manitoba (see 
Elias and Young, 1992, table 2; Text-fig. 9). Tabulates 
of the order Sarcinulida Sokolov (primarily Calapoecia 
Billings) and massive rugosans of the family Stauriidae 
Milne-Edwards and Haime (Cyathophylloides Dy- 
bowski and Favistina Flower) are widespread in the 
Richmondian but absent from the Edgewood Assem- 
blage. Propora and Halysites are characteristic of the 
Edgewood Assemblage, but absent from the Rich- 
mondian assemblages. The Edgewood colonial rugo- 
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Text-figure 9.—Biogeographic and paleogeographic features in 
eastern and central North America. Latest Ordovician to earliest 
Silurian Edgewood Province and occurrences of Late Ordovician 
“continental margin” coral assemblages are shown; heavy solid and 
dashed lines represent established and uncertain boundaries, re- 
spectively. Late Ordovician Queenston Delta Complex and Williston 
Basin are outlined. Latest Ordovician paleoequator is based on Scotese 
and McKerrow (1990, fig. 9); present latitudes and longitudes are 
shown at margin. Abbreviations of states (United States): AL = 
Alabama, 4R = Arkansas, /4 = Iowa, /L = Illinois, 7N = Indiana, 
KY = Kentucky, MO = Missouri, NM = New Mexico, OH = Ohio, 
OK = Oklahoma, 7X = Texas, WY = Wyoming. Abbreviations of 
provinces (Canada): /B = Manitoba, ON = Ontario, PQ = Québec 
(Anticosti Island is identified). 


sans, Palaeophyllum Billings and Pycnostylus White- 
aves, are fasciculate. 

We relate the disappearance of Richmondian-type 
colonial corals from the cratonic interior of eastern 
North America to habitat loss. This resulted from west- 
ward progradation of the Queenston Delta Complex 
(Text-fig. 9) and from regression of the epeiric sea dur- 
ing a major glacio-eustatic drop in the late Richmon- 
dian. Extinctions among other groups in this region 
have also been linked to these events: brachiopods 
(Sheehan, 1973), solitary corals (Elias, 1982, pp. 48, 
51; 1989; McAuley and Elias, 1990, p. 27), bryozoans 
(Anstey, 1986), and crinoids (Eckert, 1988). Erosional 
relief on the Richmondian surface of the Maquoketa 
Group is more than 30 m in northeastern Illinois (Will- 
man, 1973, p. 12; Mikulic et a/., 1985, p. 9) and exceeds 
40 m in eastern Iowa (Brown and Whitlow, 1960, p. 
23; Whitlow and Brown, 1963, p. 11; see also Witzke 
and Kolata, 1988, pp. 61, 64, figs. 4, 5). The channels 
or depressions were subsequently infilled with latest 
Ordovician (?; Gamachian?) to earliest Silurian (Early 


Llandovery, Rhuddanian) deposits of the Wilhelmi and 
Mosalem formations. This suggests a period of emer- 
gence, at least within the northern portion of the study 
region in the east-central United States. 

The Edgewood colonial corals Propora savagei, Hal- 
ysites alexandricus, and Catenipora lawrencica are en- 
demic, as are all solitary rugosans of the Edgewood 
Assemblage. The area of the east-central United States 
that was occupied by the Edgewood Assemblage has 
been named the Edgewood Province (Elias, 1982, pp. 
47, 51, 52, fig. 24; McAuley and Elias, 1990, pp. 27, 
28, fig. 11; Text-fig. 9). Corals were likely introduced 
to this biogeographic province from the continental 
margin, or were derived from forms previously re- 
stricted to the continental margin. Propora, which 1s 
present in the Richmondian Vauréal Formation on 
Anticosti Island, Québec (Bolton, 1981a, p. 107), ap- 
peared earlier along the continental margin than in the 
east-central United States. Propora thebesensis and 
Propora speciosa occur on Anticosti Island and in the 
Edgewood Province, indicating connection between the 
continental margin and cratonic interior. The endemic 
Edgewood species Propora savagei may have arisen 
from P. thebesensis by speciation within this province. 
Halysites alexandricus represents a genus that was in- 
troduced from elsewhere, as Halysites is known from 
earlier deposits only in Australasia (see Discussion, p. 
70). 

The Edgewood Assemblage includes the youngest 
North American representative of the order Tetradiida 
Okulitch (Rhabdotetradium sp. A), which is present in 
the latest Ordovician (Gamachian) Leemon Forma- 
tion. This is among the youngest occurrences world- 
wide of this important Ordovician order. The Edge- 
wood Assemblage also includes a number of first oc- 
currences of typical Silurian taxa. The earliest North 
American member of the genus Halysites (H. alex- 
andricus) appears in Gamachian strata within the 
Edgewood Province. The oldest definite representative 
of the family Plasmoporidae Sardeson (P/asmopora sp. 
cf. P. logani) is from Gamachian or questionably early 
Rhuddanian strata of the Cyrene Formation. The ear- 
liest known occurrence of the family Pycnostylidae 
Stumm (Pycnostylus sp. A) is from an early Rhuddan- 
ian bed within the Mosalem Formation. 

Gamachian strata in the southern to central portion 
of the Edgewood Province were likely deposited during 
minor transgressions into the cratonic interior from 
the south, as sea level fluctuated during a regressive 
phase corresponding to the latest Ordovician glacial 
maximum (see Elias, 1982, pp. 51, 52; McAuley and 
Elias, 1990, p. 27). Immigration of colonial corals was 
probably related to shifts of suitable habitat areas dur- 
ing a time of depressed temperatures, as suggested pre- 
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viously for the solitary rugosans (Elias, 1989, p. 325). 
Corals that were introduced to the cratonic interior 
may have favored cooler water than did those in the 
Richmondian epeiric seas. Conditions were apparently 
within the warm, tropical to subtropical range, how- 
ever, as indicated by widespread oOlites and algal lime- 
stones, and the development of small biohermal 
mounds composed of bryozoans, brachiopods, and sol- 
itary rugose corals in the Leemon Formation at Section 
19 (New Wells) in southeastern Missouri (Amsden, 
1974, pp. 21, 22, fig. 17; 1986, pp. 33, 45, 54; Elias, 
1989, p. 320). In the northern part of the Edgewood 
Province, sediment infilling channels or depressions 
cut into the Maquoketa Group probably accumulated 
during the major transgression associated with degla- 
ciation, in latest Gamachian to Early Llandovery time 
(see Johnson et al., 1985, fig. 5, eastern Iowa). Dis- 
persion of Edgewood corals was evidently related to 
expansion of suitable habitat areas during the early 
phase of this event (Elias, 1989, pp. 320, 325). 

The striking difference we have documented be- 
tween the Edgewood Assemblage and typical Rich- 
mondian colonial coral assemblages in the North 
American cratonic interior probably reflects, at least 
in part, a hiatus between Richmondian and Gama- 
chian deposition in the east-central United States. The 
most fossiliferous and complete Richmondian through 
Lower Llandovery sequence is in a continental margin 
setting on Anticosti Island, Québec (see Barnes, 1988). 
There, Elias and Young (1992, table 2) tabulated oc- 
currences of corals in the Vauréal Formation (Rich- 
mondian), Ellis Bay Formation (Gamachian to pos- 
sibly lowermost Rhuddanian), and lower portion of 
member | of the Becscie Formation (lower Rhuddan- 
ian). Some of the Richmondian species survived into 
the Gamachian. These include the massive stauriid 
Cyathophylloides lyterion Bolton and the sarcinulid 
Calapoecia anticostiensis Billings, which range from 
the Vauréal into the Ellis Bay and lowermost Becscie, 
respectively. 

The Stonewall Formation overlies the Richmondian 
Stony Mountain Formation in southern Manitoba, 
within the Williston Basin area of the cratonic interior 
(Text-fig. 9). The Stonewall coral assemblage is a mix- 
ture of Richmondian types and newly introduced forms 
(see Elias, 1989, p. 322, fig. 3; Elias and Young, 1992, 
table 2). Sarcinulids (including Calapoecia) occur with 
one of the earliest North American representatives of 
the family Tryplasmatidae Etheridge (7ryplasma 
Lonsdale). Within the Williston Basin, the Stonewall 
Formation contains the youngest Ca/apoecia and the 
oldest Propora. All the colonial rugosans are fasciculate 
(Palaeophyllum and Tryplasma). The Stonewall as- 
semblage has some similarities with the Edgewood As- 


semblage and with the Ellis Bay—lowermost Becscie 
assemblage. 

On the basis of conodont biostratigraphy, Sweet 
(1979, p. 54, fig. 4; 1984, p. 33) concluded that up- 
permost strata of the Bighorn Group in Wyoming, 
which are probably equivalent to beds in the lower 
Stonewall Formation, are of post-Richmondian Or- 
dovician age (i.e., Gamachian). The position of the 
Ordovician-Silurian boundary in the Williston Basin 
is uncertain, but has been placed at the top of the 
Stonewall (Stearn, 1956, pp. 14-16) and at the ¢ marker 
bed within the formation (Brindle, 1960, pp. 18, 19). 
On the basis of sequence stratigraphy and sea-level 
curves, the upper Stonewall and overlying lower Fisher 
Branch Formation were assigned to the Rhuddanian 
by Johnson and Lescinsky (1986, fig. 6). We consider 
the Stonewall coral assemblage to be consistent with 
an age assignment of Gamachian, or possibly latest 
Richmondian, to earliest Rhuddanian, and with an 
interpretation that the latest Ordovician to earliest Si- 
lurian sequence in the Williston Basin lacks significant 
hiatuses. 


SILURIAN ASSEMBLAGE 


Colonial corals are uncommon in strata immediately 
above those containing the Edgewood Assemblage in 
the east-central United States. The Silurian assemblage 
found in these overlying rocks is composed of the same 
three genera that are dominant in the Edgewood: Pa- 
leofavosites, Propora, and Halysites. We infer that at 
least some of the characteristic species were likely de- 
rived from Edgewood forms. For example, Paleofa- 
vosites sp. cf. P. subelongus probably arose from P. 
subelongus through the appearance of rare mid-wall 
pores. Halysites sp. cf. H. alexandricus, in which ta- 
bulae are commonly strongly concave, could have de- 
scended from H. alexandricus, which has flat to slightly 
concave or convex tabulae. Some species in the Silu- 
rian assemblage may have been introduced from else- 
where, or perhaps were derived from forms in other 
areas. For example, Paleofavosites sp. cf. P. ivanovi is 
comparable to P. ivanovi in the Upper Ordovician of 
the Urals and Siberian Platform (see Discussion, p. 95). 

The change from colonial corals of the Edgewood 
Assemblage to those of the Silurian assemblage is gen- 
erally abrupt (see Text-fig. 8, foldout inside back cover). 
It usually occurs between formations, at a distinct un- 
conformity or contact that could represent a hiatus. In 
northwestern Illinois, however, the changeover occurs 
within the Mosalem Formation, and the record of the 
critical time interval may be most complete. The only 
known overlap of Edgewood and Silurian species oc- 
curs in this area, at Section 32 (Thomson East) (see 
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Text-fig. 7). There, Edgewood colonial and solitary cor- 
als occur in the fill of small, local channels (Section- 
interval 32-1b) and in strata lateral to the channels 
(including the coral-rich bed, Section-interval 32-1z) 
(see also McAuley and Elias, 1990, p. 22; Elias, 1992, 
p. 120). Above the filled channels (Section-interval 32- 
1c), Paleofavosites sp. cf. P. subelongus and all solitary 
rugosans represent the Silurian assemblage. Two other 
species in that interval also occur in the Edgewood 
Assemblage. Propora thebesensis is known to range as 
high as 1.35 m above the base of the interval, and 
Propora speciosa was found 0.7 m above the base. The 
coral-rich bed and channels suggest a period of non- 
deposition and local erosion, possibly recording a mi- 
nor regressive event (see McAuley and Elias, 1990, p. 
23; Elias, 1992, p. 120). This occurred during the 
worldwide transgression in the earliest Silurian (Early 
Llandovery, Rhuddanian), which was related to degla- 
ciation (see Johnson et e/., 1985, fig. 5, eastern Iowa). 

The changeover from Edgewood to Silurian assem- 
blages took place as water depth and temperature were 
generally increasing during the Early Llandovery 
(McAuley and Elias, 1990, p. 29; Elias, 1989, p. 325). 
Nevertheless, corals representing the Silurian assem- 
blage appear above local channels within the Mosalem 
Formation and above unconformities or formational 
boundaries elsewhere, suggesting that the faunal change 
followed a regressive event. We infer that as areas in 
the east-central United States became inhospitable, 
geographic ranges of Edgewood corals were reduced. 
Most species became extinct; some colonial corals ap- 
parently underwent rapid evolution, probably in small 
populations. The descendants dispersed and new im- 
migrants arrived as suitable habitat areas expanded 
when the Early Llandovery transgression resumed. A 
few Edgewood colonial species evidently survived 
briefly in local refugia. It is noteworthy that, unlike the 
colonial corals, all solitary rugosans known from the 
Silurian assemblage are immigrants that represent gen- 
era different from those in the Edgewood Assemblage 
(McAuley and Elias, 1990, table 1; Elias, 1992, p. 120). 
Corals of the Silurian assemblage probably favored 
somewhat deeper, possibly warmer water than those 
of the Edgewood Assemblage. 


THE EDGEWOOD COLONIAL CORALS: 
TAPHONOMY AND PALEOECOLOGY 


INTRODUCTION 


In this section, we examine the taphonomy and pa- 
leoecology of colonial corals in the Edgewood Assem- 
blage, and their relationship to paleoenvironmental 
factors. Corallum abrasion and orientation are shown 
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to reflect the energy level. The development of com- 
posite coralla is related to substrate stability. Encrust- 
ing corals, as well as encrusters on and borings within 
coralla, provide records of interactions among species. 
Encrusting relationships are used as indicators of sub- 
strate availability and stability, sedimentation rate, and 
turbidity. Corallum growth forms and growth rates are 
related to sedimentation rate and substrate stability; 
corallum size may reflect environmental stability. We 
conclude this section with an overview of paleoenvi- 
ronments inhabited by colonial corals in the Edgewood 
Province, and a synthesis providing detailed paleoen- 
vironmental determinations for stratigraphic units and 
localities, based on comparative taphonomy and pa- 
leoecology. 


ABRASION 


Abrasion of colonial coralla has rarely been consid- 
ered in a paleoenvironmental context (Young, 1988, 
pp. 24, 25). As demonstrated for solitary rugosans (Eli- 
as ef al., 1988, pp. 23, 24), the degree of abrasion 
reflects the intensity and duration of abrasive process- 
es. It therefore provides an indication of the energy 
level and sedimentation rate before final burial. 

In this study, Edgewood colonial coralla are cate- 
gorized as nonabraded or abraded based on exami- 
nations of their exterior surfaces in thin sections. Spec- 
imens selected for this analysis are nonweathered, well 
preserved, enclosed in matrix, and lack obvious sty- 
lolitized boundaries. We consider coralla to have been 
abraded prior to final burial if their bases are absent 
(Pl. 3, figs. 4, 8) and/or if calices are clearly reduced 
or removed completely from some or all of the upper 
surfaces (Pl. 14, fig. 10, Pl. 16, fig. 12); this is partic- 
ularly obvious if tabulae or dissepiments are truncated. 
Samples of sufficient size for comparative purposes are 
obtained by combining data from all suitable massive 
tabulates in each of five collections (Table 3); these 
represent the orders Favositida Wedekind and He- 
liolitida Frech. The proportion of abraded coralla in 
any collection does not appear to differ between the 
two numerically important species, Pa/eofavosites sub- 
elongus and Propora thebesensis. 

In the Edgewood Province, we observe minimal 
damage due to abrasion only in specimens from the 
coral-rich bedding surface in the Mosalem Formation 
at Section 32 (Thomson East). The proportion of 
abraded coralla is low in this bed (Table 3). The mud- 
stone to wackestone lithology suggests low energy con- 
ditions. 

All or the vast majority of specimens are abraded 
in the Brevilamnulella beds of the Keel Formation at 
Section 23 (Lawrence Quarry), the Leemon Formation 
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Table 3.—Conditions, orientations, and types of tabulate coralla in selected units within the Edgewood Province. Coralla with axes of growth 
within 20° of vertical are considered to be in growth orientation; those with axes more than 20° from vertical are considered to be overturned. 
Composite coralla show one or more marked changes in direction of growth; noncomposite coralla do not. 


conditions (massive coralla) orientations (massive coralla) 


types of coralla 


units 

section-intervals nonabraded 
Keel Fm., Brevilamnulella beds 

23-2 1 (7%) 
Keel Fm., odlite 

23-2a, 23-3, and 23a-1 _ 
Leemon Fm. 

31-1 and 31-1b 1 (5%) 
Bryant Knob Fm., Kissenger Lst. Mbr. 

14-1 3 (9%) 

15-1 0 (0%) 
Mosalem Fm., coral-rich bedding surface 

32-1z 9 (82%) 


13 (93%) 


32 (91%) 


2 (18%) 


abraded growth overturned noncomposite composite 
3 (19%) 13 (81%) 29 (100%) 0 (0%) 
_ - 14 (88%) 2 (12%) 
18 (95%) _ — 23 (82%) 5 (18%) 
5 (21%) 19 (79%) 73 (99%) 1 (1%) 
14 (100%) _ = 33 (100%) 0 (0%) 
8 (44%) 10 (56%) 53 (100%) 0 (0%) 


at Section 31 (Thebes North), and the Kissenger Lime- 
stone Member of the Bryant Knob Formation at Sec- 
tion 14 (Higginbotham Farm) and Section 15 (Calu- 
met) (Table 3). The amount of damage to individual 
coralla appears to be greatest at Section 31, followed 
by Sections 14 and 15. The packstone to grainstone 
lithologies of all these units suggest higher energy con- 
ditions than at Section 32 (Thomson East). The pro- 
portions of nonabraded and abraded coralla at Section 
32 and Section 14 are significantly different (x? = 
19.644; x75; = 3.841, 1 d-f.). It appears that massive 
tabulate coralla in the Edgewood Province became 
abraded in all but the lowest energy environments. 


ORIENTATION 


Attitudinal disorientation of objects such as colonial 
corals and stromatoporoids is most likely to have re- 
sulted from toppling or transportation by wave and 
current energy (Jackson, 1983, p. 86; Kershaw, 1984, 
pp. 125-127; Harrington, 1987, pp. 660, 661). A num- 
ber of other mechanisms have also been proposed, 
including buckling as a result of pressures within reefs 
(Manten, 1971, p. 435), bioturbation and predation 
(Kershaw, 1984, p. 125), weakening of cemented bases 
by boring, and substrate instability caused by growth 
(Kobluk ef a/l., 1977, p. 2229). There are diagnostic 
features that allow recognition of possible occurrences 
of most of these mechanisms; the absence of such fea- 
tures allows us to examine the relationship between 
orientation and environmental energy. We use data 
from massive Edgewood tabulates in our analyses; these 
represent the families Favositidae Dana and Propor- 
idae Sokolov. None of the specimens 1s attached to an 
object large enough to have affected orientation, and 
all these corals inhabited unlithified substrates. 


Where possible, attitudinal orientations of Edge- 
wood colonial coralla with respect to bedding were 
marked in the field and confirmed later using thin sec- 
tions. Because the data set is small, we recognize just 
two classes; those in growth orientation and those that 
are overturned (disoriented). Coralla in which the 
growth direction differs by more than 20° from upright 
are considered to be overturned. We follow Philcox 
(1971, p. 344) in distinguishing the terms “‘growth ori- 
entation” and “‘growth location.” 

Most coralla are overturned in each of the three 
collections from which sufficient data are available for 
comparison (Table 3). Although attitudinal orienta- 
tions do not differ significantly between the intervals 
(x? tests), it is noteworthy that a smaller proportion is 
overturned on the coral-rich bedding surface of the 
Mosalem Formation at Section 32 (Thomson East) 
than in the Brevilamnulella beds of the Keel Formation 
at Section 23 (Lawrence Quarry) or the Kissenger 
Limestone Member of the Bryant Knob Formation at 
Section 14 (Higginbotham Farm). That might be ex- 
pected considering the lower energy conditions indi- 
cated by the mudstone to wackestone lithology and 
high proportion of nonabraded coralla at Section 32, 
compared with the packstone to grainstone lithologies 
and high proportions of abraded coralla at the other 
sections. 

It must be remembered, however, that differences 
in attitudinal orientations between collections do not 
necessarily indicate different environmental energies. 
Simple comparisons ignore important variables such 
as skeletal density, size, growth form, and substrate 
morphology and consistency (see Kershaw, 1984, pp. 
125-127). The problem of density can be overcome 
by limiting analyses to coralla of comparable structure. 
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Table 4.—Orientations of massive Edgewood tabulate coralla in 
various size and growth form categories. Coralla with axes of growth 
within 20° of vertical are considered to be in growth orientation; 
those with axes more than 20° from vertical are considered to be 
overturned. 


orientations 


categories growth overturned 
corallum sizes 
10.5-30.0 mm 3 (19%) 13 (81%) 
30.5-50.0 mm 7 (30%) 16 (70%) 
50.5-70.0 mm 5 (50%) 5 (50%) 
growth forms 
columnar 0 (0%) 5 (100%) 
high bulbous 3 (27%) 8 (73%) 
low bulbous 1 (20%) 4 (80%) 
high domical 6 (35%) 11 (65%) 
low domical 5 (45%) 6 (55%) 


The spacing and thickness of skeletal elements in the 
Edgewood favositids and proporids appear to be ap- 
proximately equivalent. 

Little attention has been given to the relationship 
between corallum size and attitudinal orientation. It 
might be expected that, other things being equal, small 
coralla would be overturned more easily than large 
ones. In an analysis of hemispherical tabulates and 
stromatoporoids, Kobluk et al. (1977) concluded that 
there was no difference in the sizes of oriented and 
disoriented specimens, possibly because energy levels 
involved in the disorientation process were so high that 
all specimens were affected. Harrington (1987, p. 660), 
however, argued that the data of those authors suggest 
“‘a slight tendency toward more frequent disorientation 
of smaller individuals.” 

In the present study, attitudinal orientations are 
compared for three size categories of massive Edge- 
wood tabulates (favositids and proporids), using av- 
erage linear dimension (/.e., (maximum width + height) 
+ 2; see Corallum Size, p. 32) as a measure of size 
(Table 4). The proportion of coralla in growth orien- 
tation increases with increased size, although there are 
too few specimens to confirm this statistically. Such a 
pattern suggests that at least some coralla in growth 
orientation are in fact in growth location. If all speci- 
mens had been transported, the proportion deposited 
in growth orientation would not be expected to differ 
among size classes, other things being equal. 

Growth form will affect the probability of disori- 
entation because objects such as colonial corals and 
stromatoporoids with lower forms are apparently less 
likely than tall ones to be overturned by currents or 
waves (Manten, 1971, p. 437; Harrington, 1987, p. 
660; Kershaw, 1990, p. 699). Nevertheless, it appears 


from flume experiments that stromatoporoids with 
laminar shapes are more readily overturned than those 
with low domical forms (Kershaw, 1984, p. 125). Do- 
mical forms are most likely to be deposited in growth 
orientation following transportation because that is the 
most stable attitude (Abbott, 1974, p. 8), but they may 
also be overturned 180°. Columnar forms are most 
stable when disoriented 90°, with their long axes par- 
allel to bedding (Hodges and Roth, 1986, p. 1153). 

We compare attitudinal orientations of massive 
Edgewood tabulates (favositids and proporids) using 
five growth form categories (see Growth Form, pp. 27, 
28) (Table 4). All columnar coralla are overturned. 
Proportions of coralla in growth orientation are inter- 
mediate for high and low bulbous forms and high do- 
mical forms. As expected, the proportion in growth 
orientation is highest for low domical coralla, although 
there are too few specimens to confirm these patterns 
statistically. 

The possible effects of corallum size and growth form 
on attitudinal orientation should be taken into account 
when comparing data from different localities or units 
for the purpose of inferring environmental energy lev- 
els. We therefore recommend that comparisons be done 
within the classes ofa standardized set of size groupings 
for each growth form category. Unfortunately, there 
are insufficient data to conduct such an analysis in the 
Edgewood Province. 

Substrate morphology is an important variable in 
orientation analysis because of its relationship to the 
stability and mobility of objects such as corals and 
stromatoporoids (Kershaw, 1984, p. 125). Movement 
can be inhibited if coralla are closely spaced. That may 
account in part for the comparatively high proportion 
of specimens in growth orientation on the coral-rich 
bedding surface at Section 32 (Thomson East). Over- 
turned domical forms are more likely to be preserved 
in an inverted position, rather than be reoriented into 
the more stable growth orientation, if lodged against 
other objects (Abbott, 1974, p. 12). Overturned coralla 
in contact with other specimens were observed on the 
coral-rich bedding surface at Section 32. The effects of 
substrate stability on coral orientation are considered 
under Composite Coralla, below. 


COMPOSITE CORALLA 


In this study, use of the term “composite” follows 
Young and Scrutton (1991, p. 371); it is restricted to 
coralla that show one or more marked changes in the 
direction of growth, as observed in longitudinal section 
(e.g., Pl. 5, fig. 8). Philcox (1971, p. 341) used the term 
in a broader sense, including coralla in which regen- 
eration was not accompanied by changes in growth 
direction. Redirected growth records a change in ori- 
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entation during the life of the colony (Jackson, 1983, 
p. 86); the event causing disorientation was not severe 
enough to effect mortality by abrasion, burial, or trans- 
portation. Scouring of the sediment supporting unat- 
tached coralla could result in decreased stability and 
in overturning, leading to the development of com- 
posite forms. The ease with which sediment can be 
eroded is related to its cohesion. Sand is typically less 
cohesive than mud and can be eroded at relatively low 
current velocities (Potter ef a/., 1980, p. 11); it therefore 
generally forms a less stable substrate. 

Data from representatives of the orders Favositida, 
Heliolitida, and Halysitida Sokolov in the Edgewood 
Province (Table 3) support the interpretation that for- 
mation of composite coralla is related to substrate sta- 
bility. Composite specimens are most common in the 
Leemon Formation at Section 31 (Thebes North) and 
in odlites of the Keel Formation at Section 23 (Law- 
rence Quarry). Lithologies at both localities suggest 
sandy sediments of low cohesion. Coralla from Section 
31 are in a skeletal grainstone with moderately well- 
rounded grains (see Amsden, 1986, pl. 1, fig. 2), and 
those from Section 23 are in an odlitic grainstone (see 
Amsden, 1960, pl. 10, figs. 5, 6; 1986, pl. 6, fig. 1). 

The proportion of composite coralla in the Kissenger 
Limestone Member of the Bryant Knob Formation at 
Section 14 (Higginbotham Farm) is significantly lower 
than that in the Leemon Formation at Section 31 
(Thebes North) (x? = 7.237; x7o.05 = 3.841, 1 d.f.). The 
pronounced alignment of clasts in the fossiliferous 
grainstone at Section 14 may have resulted in greater 
substrate stability. Composite specimens are absent in 
grainstone of the Kissenger Limestone at Section 15 
(Calumet); this is significantly different from the pro- 
portion at Section 31 (x? = 4.265; x7o09; = 3.841, 1 
d.f.). Composite coralla are also absent in the Brevi- 
lamnulella beds of the Keel Formation at Section 23 
(Lawrence Quarry). The alignment of brachiopod shells 
in that odlitic, bioclastic packstone to grainstone may 
have increased substrate stability (see Amsden, 1986, 
pl. 2, fig. 1, pl. 3, fig. 2). The absence of composite 
colonies on the coral-rich bedding surface of the Mos- 
alem Formation at Section 32 (Thomson East) is sig- 
nificantly different from Section 31 (x? = 7.239; x70; 
= 3.841, | d.f.). The mudstone to wackestone lithology 
at Section 32 suggests that sediment cohesion was rel- 
atively high. 


ENCRUSTING RELATIONSHIPS 


Analysis of encrusting relationships involving co- 
lonial corals provides information about the duration 
of exposure of skeletal material. This is useful in de- 
termining environmental factors such as sedimenta- 
tion rate and substrate availability and stability. Such 


analysis also sheds light on the paleobiology of corals 
and other encrusters, and on interactions among spe- 
cies. 

In this study, the term “‘encruster” is applied to all 
organisms that grew initially on hard substrates, even 
if most subsequent growth was vertical. It is not re- 
stricted to those having primarily laminar or runner 
forms (cf, Taylor, 1990, pp. 346, 347). Examinations 
of thin sections reveals that Edgewood colonial corals 
were involved in a variety of encrusting relationships. 
They were both substrates for encrusting organisms 
including other corals, and active encrusters of coralla 
and other objects. 

Coatings of micritic, thrombolitic, and rarely Gir- 
vanella-like forms, presumed to be of algal origin, are 
the most common type of encrustation on Edgewood 
colonial coralla. We have observed them on Propora 
thebesensis, Protaraea sp. A, Halysites alexandricus, 
Paleofavosites subelongus, and Palaeophyllum sp. Such 
coatings generally cover a large portion of the corallum 
surface, which was usually abraded prior to encrusta- 
tion. The algae do not seem to have been host-specific, 
and evidently became associated with coralla during 
or following post-mortem transport (see also McAuley 
and Elias, 1990, p. 30). Algal-coated specimens are 
widely distributed in the Edgewood Province, but the 
proportion of colonial coralla with such encrustations 
is greatest in the Brevilamnulella beds of the Keel For- 
mation at Section 23 (Lawrence Quarry) (Table 5). 

Edgewood colonial coralla having attached animals 
are relatively common only in the Brevilamnulella beds 
and oOlites of the Keel Formation at Section 23 (Law- 
rence Quarry) (Table 5). The most common encrusting 
animals are bryozoans, which are usually laminar in 
form and small. One bryozoan colony occurs on a 
specimen of Palaeophyllum sp. from the Kissenger 
Limestone Member of the Bryant Knob Formation at 
Section 14 (Higginbotham Farm) (PI. 21, figs. 10-12), 
but all other bryozoans occur on Halysites alexandri- 
cus. We observed them on four coralla from the Brev- 
ilamnulella beds at Section 23, one from the Keel odlite 
at Section 23, one from the upper o6litic bed of the 
Keel at Section 24 (Coal Creek), and two from the 
Kissenger Limestone at Section 15 (Calumet). 

Encrusting stromatoporoids have been observed on 
single coralla of Propora thebesensis (above an algal 
coating), Protaraea sp. A, and Paleofavosites subelon- 
gus from the Brevilamnulella beds of the Keel For- 
mation at Section 23 (Lawrence Quarry), and on single 
specimens of P. subelongus from the Keel odlite at 
Section 23 and the unnamed member of the Bryant 
Knob Formation at Section 18 (Kissenger). A small, 
unidentifiable solitary rugosan occurs on a specimen 
of Halysites alexandricus from the Brevilamnulella beds 
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Table 5.—Encrusting relationships involving colonial corals in selected units within the Edgewood Province. 


colonial coralla with encrusters 


units encrusting 

section-intervals (n = no. of coralla) algal animal all types colonial corals 
Keel Fm., Brevilamnulella beds 

23-2 (n = 29) 11 (38%) 8 (28%) 17 (59%) 7 (24%) 
Keel Fm., odlite 

23-2a, 23-3, and 23a-1 (n = 11) 2 (18%) 3 (27%) 5 (45%) 1 (9%) 
Leemon Fm. 

31-1 and 31-1b (n = 19) 0 (0%) 1 (5%) 1 (5%) 0 (0%) 
Bryant Knob Fm., Kissenger Lst. Mbr. 

14-1 and 14-2 (n = 31) 4 (13%) 1 (3%) 4 (13%) 0 (0%) 

15-1 (n = 23) 2 (9%) 2 (9%) 4 (17%) 0 (0%) 
Mosalem Fm., coral-rich bedding surface 

32-1z (n = 45) 2 (4%) 0 (0%) 2 (4%) 0 (0%) 


at Section 23. One corallum of the solitary rugosan 
Keelophyllum oklahomense McAuley and Elias from 
the Keel oGdlite at Section 23 is attached to H. alex- 
andricus (in part above a thin encruster that is probably 
a bryozoan) (McAuley and Elias, 1990, pl. 12, fig. 4; 
Pl. 9, fig. 9). A probable tentaculitid occurs on a spec- 
imen of H. alexandricus from the Leemon Formation 
at Section 31 (Thebes North) (Pl. 10, fig. 4). 

Encrusting colonial corals are relatively common in 
the Brevilamnulella beds of the Keel Formation at Sec- 
tion 23 (Lawrence Quarry) (Table 5). Protaraea sp. A, 
which is restricted to those beds, typically has a small, 
thin, tabular form. One specimen was observed to en- 
crust both Halysites alexandricus (Pl. 8, fig. 12) and 
Aulopora sp. A, and another occurs on a stromato- 
poroid. One corallum of the large cateniform species 
H. alexandricus is attached to both Protaraea sp. A 
and a stromatoporoid (PI. 9, fig. 8), and another en- 
crusts the solitary rugosan Streptelasma leemonense 
Elias. Two specimens of the small cateniform species 
Catenipora lawrencica occur on H. alexandricus, and 
one of them is also attached to S. leemonense. Aulopora 
sp. A is a small coral with an irregular, low, reptant 
form. One example encrusts H. alexandricus, a stro- 
matoporoid, and calcareous algae (Pl. 20, fig. 1). 

Encrusting colonial corals are rare or absent else- 
where in the Edgewood Province (e.g., Table 5). Single 
examples of Paleofavosites subelongus on stromato- 
poroids are known from the Keel odlite at Section 23 
(Lawrence Quarry) and the unnamed member of the 
Bryant Knob Formation at Section 18 (Kissenger). One 
specimen of P. subelongus occurs on an algal crust in 
the Kissenger Limestone Member of the Bryant Knob 
(Section-interval 18-2). Protaraea sp. A, Catenipora 
lawrencica, and Aulopora sp. A are the only Edgewood 
colonial corals that seem to have been primarily en- 
crusters. Halysites alexandricus and P. subelongus rare- 
ly had encrusting modes of life. 


Most of the encrusting animals that colonized co- 
lonial coralla appear to have favored the lateral and 
upper surfaces of ranks in Halysites alexandricus as a 
substrate. This was probably because lacunae within 
the cateniform skeleton provided protected sites for 
colonization and the available surface area was high. 
One corallum of H. alexandricus from the Brevilam- 
nulella beds at Section 23 (Lawrence Quarry) is en- 
crusted in different places by a bryozoan, Catenipora 
lawrencica, Aulopora sp. A, and a solitary rugosan. 
Another is encrusted in different places by a bryozoan, 
Protaraea sp. A, and C. lawrencica. In most cases, 
animals attached to colonial coralla as well as encrust- 
ing colonial corals evidently grew on skeletons of dead 
hosts. Where multiple encrustation of the same sub- 
strate occurred, as in the Brevilamnulella beds of the 
Keel Formation at Section 23, there is generally evi- 
dence of reorientation and abrasion between coloni- 
zation events. 

In the Edgewood Province, colonial coralla with en- 
crustations of all types are common only in the Brev- 
ilamnulella beds and odlitic beds of the Keel Forma- 
tion at Section 23 (Lawrence Quarry) (Table 5). The 
proportion of encrusted coralla is significantly greater 
in the Brevilamnulella beds than in the Leemon For- 
mation at Section 31 (Thebes North), the Kissenger 
Limestone Member of the Bryant Knob Formation at 
Section 14 (Higginbotham Farm) and at Section 15 
(Calumet), and the coral-rich bedding surface of the 
Mosalem Formation at Section 32 (Thomson East) (x? 
= 11.760, 11.829, 7.425, and 24.359, respectively; x7o.5 
= 3.841, 1 d-f.). Encrusting colonial corals are common 
only in the Brevilamnulella beds (Table 5). These pat- 
terns seem to reflect predictable limiting factors in the 
distribution of encrusters: substrate availability and 
stability, sedimentation rate, and turbidity. 

Skeletal objects including relatively large colonial 
coralla that could have served as attachment sites for 
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encrusters are abundant in the Brevilamnulella beds, 
which in places are coquinoid (see Amsden, 1986, p. 
10). The aligned brachiopod shells and absence of com- 
posite colonial corals suggest a stable substrate favor- 
able for attachment and subsequent growth. A low 
sedimentation rate would have provided sufficient time 
for numerous objects to become encrusted, and for 
multiple encrustation of some coralla. We describe the 
Brevilamnulella beds as “incipient biohermal.”’ It seems 
that periodic overturning of coralla, perhaps during 
occasional storms, inhibited the development of com- 
plex, long-term encrusting relationships that could have 
led to the formation of bioherms. The lithology and 
relatively high frequency of composite coralla in the 
less fossiliferous Keel oGlite suggest lower substrate 
availability and stability; the observed frequency of 
encrusted coralla is higher than might be expected. At 
least some of those coralla may have been transported 
from the Brevilamnulella beds. 

The rarity of encrusting relationships in the Leemon 
Formation at Section 31 (Thebes North), where the 
frequency of composite corals is greatest, can be at- 
tributed to substrate instability and possibly also to a 
relatively high sedimentation rate. Encrusted colonial 
coralla are uncommon in the Kissenger Limestone 
Member of the Bryant Knob Formation. The align- 
ment of clasts and rarity of composite coralla at Section 
14 (Higginbotham Farm), and the absence of com- 
posite coralla at Section 15 (Calumet), suggest that 
substrate stability was comparatively high. Perhaps en- 
crusters were hindered by relatively high sedimenta- 
tion rates at those localities. Encrusting relationships 
are rare in the Mosalem Formation at Section 32 
(Thomson East), where the mudstone to wackestone 
lithology suggests that encrusters may have been in- 
hibited by turbid conditions. 


BORINGS 


Borings in coral skeletons, produced by soft-bodied 
organisms that are not otherwise preserved, add to the 
record of biodiversity. Analysis can reveal whether 
boring occurred during life or after death of the host. 
This provides information about the paleobiology of 
both the coral and the endolith. 

In our examinations of Edgewood colonial coralla, 
we observed borings only in a single specimen of Pro- 
taraea sp. A from the Brevilamnulella beds of the Keel 
Formation at Section 23 (Lawrence Quarry). Micro- 
borings are abundant in thin sections of that corallum 
(Pl. 8, figs. 8-11). They are tubular, slightly curved or 
less commonly straight, and in some cases have ran- 
domly located low-angle bends. Branches may arise at 
irregular intervals and may be oriented at various an- 
gles. Bulbous enlargements of variable shape occur 


along some borings. Diameters of the tubular borings 
are generally 25 to 75 um, but the largest tubular bor- 
ings and bulbous enlargements are 400 um across. Di- 
ameter may vary along the length of a boring. The 
maximum observed length is 3.75 mm. Terminations 
of tubular borings are rounded. 

The smaller borings are filled with micritic material. 
Larger ones may be filled with micrite or more com- 
monly have only a micritic lining, but micrite is absent 
in a few of the largest. Some of the borings penetrate 
into the calical and basal surfaces of the corallum. Most 
are located in the interior of the skeleton, where some 
penetrate upward or downward from regeneration sur- 
faces, or follow along or cross such surfaces. There is 
a tendency for tubular borings to parallel trabeculae of 
the coral skeleton. 

The morphology and size of these microborings are 
comparable to some of those in a Middle Ordovician 
stromatoporoid from Norway, documented by Pick- 
erill and Harland (1984, figs. 3b, 3d). Such structures 
are considered to be of probable sponge origin (Pick- 
erill and Harland, 1984, p. 889). Protaraea sp. A has 
the densest skeleton of any Edgewood coral. It is vir- 
tually solid, forming an ideal substrate for borers. The 
distribution and orientation of borings suggest that the 
corallum surface was colonized by endoliths between 
regeneration events, as well as following death of the 
coral and transportation of the skeleton. 


GROWTH FORM 


Based on our study of Edgewood tabulates, we are 
able to expand and refine the quantitative methods for 
analysis of colonial coral growth forms that were es- 
tablished by Young and Scrutton (1991). This permits 
detailed examination of ranges of variation, and com- 
parison of subtle differences in form within and among 
stratigraphic units and localities. Various aspects of 
corallum growth form are related to sedimentation rate 
and substrate stability. 

To document the growth forms of Edgewood tabu- 
late coralla, lateral profiles of nonabraded or slightly 
abraded specimens are produced. Most coralla are en- 
closed in matrix; outlines of these are taken from pol- 
ished longitudinal surfaces or from thin sections through 
the corallum growth axis. The following parameters 
are measured: corallum width (W), height (H), height 
to the widest point (M), and, if possible, perimeter (P) 
(see Young and Scrutton, 1991, p. 372, fig. 2a). Growth 
forms of coralla are defined using the system of Young 
and Scrutton (1991, pp. 370, 371). The categories in- 
clude tabular (W:H = 3:1, base and upper surface sub- 
parallel; some coralla of Protaraea sp. A have this 
form), domical (W:H = 1:1 but < 3:1, M < 0.5H), 
bulbous (W:H = 1:1 but < 3:1, M = 0.5H), columnar 
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Text-figure 10.—Triangle diagrams showing growth forms of Propora thebesensis (top row) and Paleofavosites subelongus (bottom row). W 
= corallum width, H = corallum height, M = height to the widest point, P = corallum perimeter; the three values plotted are W (x 3) (range 
0-50%), M (x 5) (range 0-50%), and (P + H) (x 2) (range 50-100%). Percentages are of the total for the three plotted values. For example, 
a corallum having W = 100 mm, H = 50 mm, M = 40 mm, and P = 250 mm would have values of W (x 3) = 300 (27.3%), M (= 5) = 200 
(18.2%), and (P + H) (x 2) = 600 (54.5%); such a specimen would plot in the lower left part of the field for low bulbous growth forms shown 
in the small standard triangle diagram in the upper left of the text-figure. For each species, the plot for all measurable coralla from the east- 
central United States is identified; other plots are for the Section-intervals indicated; n = number of coralla (two parts of one composite 
corallum were considered separately). Each data point represents a single corallum, except where a solid line connects points from a composite 
corallum; symbols for growth forms are listed in the lower left of the text-figure. The small standard triangle diagram shows fields in which 


various growth form categories plot; lateral profiles of representative coralla are shown as silhouettes. 


(W:H < 1:1, sides subparallel), and branching (i.e., 
dendroid or digitate; no Edgewood coralla have this 
form). In addition, we subdivide columnar forms into 
two categories, domico-columnar (M < 0.5H) and bul- 
bo-columnar (M = 0.5H). We also define low and high 
categories for both domical and bulbous coralla by 
bisecting the field for those forms on graphs of corallum 
width versus height (i.e., low, W:H = 1.6:1 but < 3:1; 
high, W:H = 1:1 but < 1.6:1). 

Growth forms of specimens of Propora thebesensis 


and Paleofavosites subelongus for which the necessary 
parameters can be measured are plotted on triangle 
diagrams using the techniques of Young and Scrutton 
(1991, p. 373, fig. 3) (Text-fig. 10). Such diagrams per- 
mit graphical depiction of ranges of variation and sub- 
tle differences in form. Both species show similar de- 
grees of variation, and both include domical, bulbous, 
and columnar coralla, but patterns of variation are not 
identical. Triangle diagrams for Section-interval 14-1 
(Higginbotham Farm) and Section-interval 15-1 (Cal- 
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Table 6.—Corallum growth forms of selected tabulate species in units within the Edgewood Province. 
: bulbous forms domical forms 
units 
section-intervals bulbo- high low domico- high low 
species (n = no. of coralla) columnar bulbous bulbous columnar domical domical 
Keel Fm., Brevilamnulella beds 
23-2 
Propora thebesensis (n = 6) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 3 (50%) 2 (33%) 
1 (17%) 5 (83%) 
Leemon Fm. 
31-1 and 31-1b 
Propora thebesensis (n = 10') 7 (70%) 1 (10%) 0 (0%) 0 (0%) 0 (0%) 2 (20%) 
8 (80%) 2 (20%) 
Bryant Knob Fm., Kissenger Lst. Mbr. 
14-1 
Propora thebesensis (n = 10) 2 (20%) 3 (30%) 2 (20%) 1 (10%) 2 (20%) 0 (0%) 
7 (70%) 3 (30%) 
Paleofavosites subelongus (n = 24) _2 (8%) 7 (29%) 3 (13%) 0 (0%) 6 (25%) 6 (25%) 
12 (50%) 12 (50%) 
15-1 
Propora thebesensis (n = 4) 0 (0%) 3 (75%) 0 (0%) 0 (0%) 1 (25%) 0 (0%) 
3 (75%) 1 (25%) 
Paleofavosites subelongus (n = 4) 0 (0%) 2 (50%) 1 (25%) 0 (0%) 0 (0%) 1 (25%) 
3 (75%) 1 (25%) 
Mosalem Fm., coral-rich bedding surface 
32-1z 
Paleofavosites subelongus (n = 23) 0 (0%) 2 (9%) 1 (4%) 1 (4%) 11 (48%) 8 (35%) 
3 (13%) 20 (87%) 


' Includes two parts of one composite corallum that are considered separately. 


umet), in which both species occur, indicate that P. 
subelongus was more likely to develop low domical 
forms than was P. thebesensis. This corresponds with 
observed differences in basal astogeny. Corallites tend- 
ed to diverge widely from the point of initiation in P. 
subelongus, producing flatter corallum bases (PI. 16, 
fig. 5), whereas corallites of P. thebesensis diverged less 
broadly and corallum bases are usually more conical 
(Pl. 3, figs. 4, 8). It is because of these interspecific 
differences that comparisons of growth form distri- 
bution between collection intervals are made within 
species. 

There are substantial differences in growth form 
among stratigraphic units (Text-fig. 10; Table 6). Do- 
mical coralla of Propora thebesensis having relatively 
flat basal surfaces (i.e, M < 0.5H) are dominant in 
the Brevilamnulella beds of the Keel Formation at Sec- 
tion 23 (Lawrence Quarry). In the Kissenger Limestone 
Member of the Bryant Knob Formation at Section 14 
(Higginbotham Farm) and Section 15 (Calumet), cor- 
alla of P. thebesensis are domical or bulbous and plot 
near the boundary between those categories (/.e., M 
nearly 0.5H). Bulbo-columnar specimens of P. thebes- 


ensis, Some with steeply conical bases (/.e., M > 0.5H), 
are dominant in the Leemon Formation at Section 31 
(Thebes North). In Paleofavosites subelongus, domical 
coralla having somewhat conical bases (/.e., M ap- 
proaching 0.5H) are dominant on the coral-rich bed- 
ding surface of the Mosalem Formation at Section 32 
(Thomson East). Domical and bulbous forms are com- 
mon for P. subelongus from Sections 14 and 15. 

Within a species, variation in shapes of corallum 
bases may reflect differences in sedimentation rate and/ 
or sediment firmness during growth (see Philcox, 1971, 
p. 340; Gibson and Broadhead, 1989, pp. 294-295). 
If sediment did not accumulate around a corallum, and 
if it was sufficiently firm to provide a stable substrate 
that prevented subsidence as weight of the skeleton 
increased during growth, then a flat basal surface would 
have developed during colony expansion over a level 
bottom. The greater the rate of sediment accumulation 
and/or corallum subsidence, the more steeply conical 
the base would become (/.e., the greater the M:H ratio, 
other things being equal). The proportions of domical 
and bulbous coralla of a species may therefore reflect 
the sedimentation rate and substrate stability. 
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Table 7.—Growth forms and spacing of tabulae and dissepiments (where applicable) in selected tabulate coralla from the Edgewood Province. 
High = high bulbous and/or high domical, /ow = low bulbous and/or low domical, n = number of coralla, range and standard deviation (s.d.) 


are for corallum means. 


species 
units 


section-intervals columnar high 


growth forms 


low Y 


no. of tabulae in 5mm _ _ no. of dissepiments in 5 mm 


mean range s.d. n mean range s.d. n 


Propora thebesensis 
Keel Fm., Brevilamnulella beds 


23-2 0 (0%) 3 (50%) 
Leemon Fm. 
31-1 and 31-lb 7 (70%) 1 (10%) 
Bryant Knob Fm., Kissenger Lst. 
Mbr. 
14-1 3 (30%) 5 (50%) 
15-1 0 (0%) 4 (100%) 
Paleofavosites subelongus 
Leemon Fm. 
31-1 and 31-1b 0 (0%) 0 (0%) 
Bryant Knob Fm., Kissenger Lst. 
Mbr. 
14-1 2 (8%) 13 (54%) 
15-1 0 (0%) 2 (50%) 
Mosalem Fm., coral-rich bedding 
surface 
32-1z 1 (4%) 13 (57%) 


2 (20%) 10 TM 


9 (38%) 


9 (39%) 


3 (50%) 4 9.2 6.2-13.3 2.0 10 17.5 11.9-20.0 3.8 4 


2 (20%) 10') 6.7 4.4-8.2 1.1 12 13.0 10.6-17.0 2.3 6 


S.0=11.2° 1.7 18 13:9 VI4-15.8) 1:4 it 


0 (0%) 4 79: 46-96 1.6 11 “140 12:8214!9O9 

100%) 1." 378) BNEa’g) og 4a = = =e 
24 48) o2is4oge “Tel 932 = = =e 

2 (50%) AS Sige S(S=10!9kuD60 0 1G en = a 


~~ 
w 


3.7 25=5.8 O07 17 — = = = 


' Includes two parts of one composite corallum that are considered separately. 


Another aspect of corallum form that may reflect 
sedimentation rate and/or substrate stability is the 
height : width ratio. Tall colonies are thought to shed 
sediment more readily than lower ones (e.g., Manten, 
1971, p. 431; Pandolfi, 1984, p. 540; Young and Scrut- 
ton, 1991, pp. 380, 381), although form must have 
combined with polyp morphology and behavior to keep 
surfaces sediment-free (Hubbard and Pocock, 1972; 
Bak and Elgershuizen, 1976; Lasker, 1980). Colony 
growth may have been directed preferentially upward 
in order to compensate for sediment accumulation (see 
Young and Scrutton, 1991, p. 381) or corallum sub- 
sidence. The greater the rate of sediment accumulation 
and/or corallum subsidence, the higher the height:width 
ratio would have become (other things being equal). 
The proportions of low, high, and columnar coralla 
may therefore reflect the sedimentation rate and sub- 
strate stability. 

A high overall frequency of low domical forms of 
Propora thebesensis occurs in the Brevilamnulella beds 
(Text-fig. 10; Tables 6, 7), suggesting a stable substrate 
and low sedimentation rate. This is consistent with 
interpretations based on the presence of aligned shells 
in the sediment, the absence of composite coralla, and 
the high proportions of encrusted and encrusting co- 
lonial coralla. The occurrence of taller domical and 
bulbous forms of P. thebesensis in the Kissenger Lime- 


stone at Section 14 (Higginbotham Farm) and Section 
15 (Calumet) suggests that the substrates were less sta- 
ble and/or that sedimentation rates were higher. It is 
more likely that the latter was the case, since the low 
proportion of encrusted coralla and absence of en- 
crusting coralla are consistent with the interpretation 
that sedimentation rates were high, and aligned clasts 
in the sediment at Section 14 and the low proportion 
of composite coralla suggest stable substrates. The pre- 
dominantly bulbo-columnar coralla of P. thebesensis 
in the Leemon Formation at Section 31 (Thebes North) 
suggest a high sedimentation rate and/or unstable sub- 
strate. That both factors were involved is indicated by 
the well-rounded grains comprising the sediment, the 
high proportion of composite coralla, low proportion 
of encrusted coralla, and absence of encrusting coralla. 

For Paleofavosites subelongus, the highest frequency 
of domical coralla is observed on the coral-rich bed- 
ding surface of the Mosalem Formation (Text-fig. 10; 
Table 6). The inference that the substrate was stable 
is consistent with the high sediment cohesion suggested 
by the mudstone to wackestone lithology and absence 
of composite coralla. The inferred low sedimentation 
rate is consistent with the interpretation that a break 
in sedimentation permitted colonization of the bed- 
ding surface by numerous corals. The proportions of 
domical and bulbous coralla of P. subelongus on the 
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coral-rich bedding surface of the Mosalem differ sig- 
nificantly from those in the Kissenger Limestone at 
Section 14 (Higginbotham Farm) (x? = 5.779; x7o0s = 
3.841, 1 d-f.). The greater frequency of bulbous coralla 
in the Kissenger at Section 14 and Section 15 (Calumet) 
is consistent with higher sedimentation rates, as dis- 
cussed for Propora thebesensis, above. 

There may be a genetic component to differences in 
growth form within both Propora thebesensis and Pa- 
leofavosites subelongus among the collections studied. 
At least some of the stratigraphic units differ slightly 
in age, the localities are separated by considerable dis- 
tances, and internal morphology can be distinctly dif- 
ferent between section-intervals (see Aspects of Intra- 
specific Variation, pp. 35, 39). There is a strong cor- 
relation between genotype and growth form in some 
modern corals (e.g., Hunter, 1985; Willis and Ayre, 
1985). It is probable, however, that environmental fac- 
tors were more significant in determining the observed 
variation; the corals in these collections clearly lived 
under quite different environmental conditions. Sed- 
imentation rate and substrate stability appear to have 
been important factors controlling the expressed forms 
of Edgewood colonial coralla, a conclusion also reached 
in studies of some other heliolitids and favositids (e.g., 
Manten, 1971, pp. 431, 432; Philcox, 1971; Pandolfi, 
1984; Gibson and Broadhead, 1989; Young and Scrut- 
ton, 1991). 


GROWTH RATE 


Absolute linear growth rates of Paleozoic corals are 
generally inferred using the widely accepted technique 
of measuring thicknesses of presumably annual high- 
and low-density couplets within the skeleton (see 
Scrutton, 1989, p. 37). Cyclic growth banding such as 
this is very subtle to unrecognizable in Edgewood co- 
lonial coralla, so we are unable to use this technique 
to determine growth rates. There is some evidence 
from tabulate corals that horizontal skeletal elements 
were formed at relatively uniform time intervals within 
corallites of a corallum and within coralla of a species, 
regardless of growth rate and colony form (Scrutton, 
1989, p. 38; Young and Scrutton, 1991, p. 377). Com- 
parisons of mean tabular or dissepimental spacing may 
therefore reveal differences in relative linear growth 
rates. This method yields meaningful results in our 
analysis of Edgewood corals: inferred relative linear 
growth rates can be related to environmental factors 
such as sedimentation rate, substrate stability, and tur- 
bidity. 

As a measure of tabular or dissepimental spacing, 
we use the mean number of horizontal skeletal ele- 
ments per 5 mm vertical interval within a corallum 


(see Biometric Methods, p. 44). The overall mean of 
corallum means is calculated for specimens of Propora 
thebesensis and Paleofavosites subelongus in collections 
from the Edgewood Province for which sufficient data 
are available to permit comparison (Table 7). Overall 
mean values for tabulae as well as dissepiments in P. 
thebesensis and for tabulae in P. subelongus increase 
from the Leemon Formation at Section 31 (Thebes 
North) to the Kissenger Limestone Member of the Bry- 
ant Knob Formation at Section 14 (Higginbotham 
Farm) to the Kissenger at Section 15 (Calumet). Al- 
though there is considerable variability of corallum 
means within each collection, the consistent relation- 
ship when comparing overall means for these collec- 
tions suggests that this pattern is real; thus, the two 
species may have responded in the same way to en- 
vironmental differences among the localities. The high- 
est values for P. thebesensis occur in the Brevilamnu- 
lella beds of the Keel Formation at Section 23 (Law- 
rence Quarry). The lowest values for P. subelongus are 
recorded from the coral-rich bedding surface in the 
Mosalem Formation at Section 32 (Thomson East). 

Inferred relative linear growth rates of coralla are 
inversely proportional to values for spacing of tabulae 
or dissepiments (e.g., a low growth rate would result 
in crowding of horizontal skeletal elements, giving a 
high value for spacing). Thus, mean coral growth rates 
increased from lowest in the Brevilamnulella beds, to 
the Kissenger Limestone at Section 15 (Calumet), to 
the Kissenger at Section 14 (Higginbotham Farm), to 
the Leemon Formation, to highest on the coral-rich 
bedding surface in the Mosalem. 

In Propora thebesensis, growth rates correlate closely 
with the height: width aspect of growth form, sug- 
gesting that the two are interrelated. The collection 
from the Brevilamnulella beds at Section 23 (Lawrence 
Quarry) has the lowest mean growth rate and the great- 
est proportion of low growth forms (Table 7). The 
highest mean growth rate for this species is in the Lee- 
mon Formation at Section 31 (Thebes North), where 
the proportion of columnar forms is greatest. Growth 
rates in the Kissenger Limestone at Section 14 (Hig- 
ginbotham Farm) and Section 15 (Calumet) are inter- 
mediate, and the distributions of growth forms are 
centered on the “high” category. We have related the 
corallum height : width ratio to sedimentation rate and 
substrate stability, and it follows that growth rate may 
also be an indicator of those environmental parame- 
ters. A greater vertical growth rate would have helped 
to maintain the position of the living polypal colony 
surface above the substrate where sedimentation and/ 
or corallum subsidence rates were high. We recognize 
that other factors would also have been involved in 
determining growth rates; controls over coral growth 
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are complex and in general poorly understood (see 
Buddemeier and Kinzie, 1976). 

It is noteworthy that a similar close relationship in- 
volving growth rate, height: width aspect of growth 
form, and sedimentation rate has been found in an- 
other heliolitid, Ste/liporella parvistella (Roemer) from 
the Silurian of northwestern Europe. Young and Scrut- 
ton (1991, pp. 377, 380, 381) concluded that growth 
rates in that species were greater in columnar and 
branching colonies, the predominant forms where sed- 
imentation was moderate, than in tabular and domical 
colonies, which were dominant where sedimentation 
was minimal. It was found by Young and Scrutton that 
growth rates and forms could change within a colony 
in response to changes in sedimentation rate. In the 
Edgewood favositid Paleofavosites subelongus, there 
does not appear to be a consistent correlation between 
growth rate and the height: width aspect of growth 
form (Table 7). 

The low mean growth rate inferred for corals in the 
Brevilamnulella beds suggests a low sedimentation rate 
and stable substrate. That is consistent with interpre- 
tations based on the presence of aligned brachiopod 
shells in the sediment, the absence of composite cor- 
alla, the high proportions of encrusted and encrusting 
colonial coralla, the high frequency of domical growth 
forms, and the high proportion of low forms among 
the domical and bulbous coralla. Higher mean growth 
rates for corals in the Kissenger Limestone are consis- 
tent with the interpretation that the sedimentation rate 
was higher, based on the low proportion of encrusted 
coralla, absence of encrusting coralla, dominance of 
bulbous coralla, and greater proportion of high and 
columnar forms. High mean growth rates for corals in 
the Leemon Formation suggest that the sedimentation 
rate was high and/or the substrate was unstable. The 
conclusion that both factors were involved is consis- 
tent with interpretations based on the roundness of 
grains comprising the sediment, the high proportion 
of composite coralla, low proportion of encrusted cor- 
alla, absence of encrusting coralla, and dominance of 
bulbous and columnar growth forms. 

The high mean growth rate inferred for colonies on 
the coral-rich bedding surface in the Mosalem For- 
mation is more difficult to interpret. It does not appear 
to reflect a high sedimentation rate or a substrate that 
was unstable. The predominance of domical coralla 
and high proportion of low growth forms suggest that 
the sedimentation rate was low and the substrate was 
stable. A low sedimentation rate is consistent with the 
interpretation that this bed represents a break in de- 
position. The conclusion that the substrate was stable 
is supported by the mudstone to wackestone lithology, 
suggesting high sediment cohesion, and the absence of 


composite coralla. Growth rates of modern corals de- 
crease as turbidity increases (see Buddemeier and Kin- 
zie, 1976, p. 211). Comparatively low growth rates 
might therefore be expected for the coral-rich bedding 
surface in the Mosalem, where the lithology, low pro- 
portion of coralla with encrusters, and absence of en- 
crusting coralla are considered to reflect relatively high 
turbidity. In this case, it is possible that the high growth 
rate was related to favorable environmental conditions 
that permitted colonization of the bedding surface by 
numerous corals (e.g., factors such as temperature, nu- 
trients). 


CORALLUM SIZE 


Our study of Edgewood colonial corals shows that 
the sizes attained by coralla may reflect environmental 
factors such as substrate stability and sedimentation 
rate. The size distribution of coralla on a bed may 
provide information on population structure and his- 
tory. As measures of size, we calculate the average 
linear dimensions of Edgewood colonial coralla (i.e., 
(maximum width + height) + 2). The common use of 
basal diameter alone to represent size may bias results 
because it will inflate values for specimens with low 
growth forms relative to those with taller forms. Com- 
parisons of size data are made within species; possible 
differences in growth rates among species would affect 
size distributions. Sufficient data for comparisons at 
different localities were obtained from two massive 
tabulate species (Table 8). 

The average and maximum sizes of Propora thebes- 
ensis are much greater in the Brevilamnulella beds of 
the Keel Formation at Section 23 (Lawrence Quarry) 
than in the Leemon Formation at Section 31 (Thebes 
North) and the Kissenger Limestone Member of the 
Bryant Knob Formation at Section 14 (Higginbotham 
Farm) and Section 15 (Calumet) (Table 8). This is 
especially noteworthy considering that the inferred 
mean linear growth rate for this species is lower in the 
Brevilamnulella beds than in the other units. The ob- 
served size distributions are not likely to have resulted 
from mechanical sorting; at each of these localities the 
degree of variability of corallum size is quite large, and 
very small specimens are present. The attainment of 
large sizes by corals in the Brevilamnulella beds is con- 
sidered to reflect environmental stability over rela- 
tively long periods of time. This is consistent with 
interpretations of high substrate stability and low sed- 
imentation rate based on the absence of composite 
coralla, the numerous encrusting relationships, the high 
proportion of low domical corallum forms, and the 
low mean growth rate of P. thebesensis. 

Coralla of Paleofavosites subelongus have similar av- 
erage sizes in the Kissenger Limestone Member of the 
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Table 8.—Sizes of massive tabulate coralla in selected units within the Edgewood Province. s.d. = standard deviation, c.v. = coefficient of 


variation. 
a average linear dimensions 
section-intervals (n = no. of coralla) mean range s.d. c.v. 
Propora thebesensis 
Keel Fm., Brevilamnulella beds 
23-2 (n = 6) 52.8 mm 16.5-103.0 mm 35.5 mm 67.2 
Leemon Fm. 
31-1 and 31-1b (n = 10) 34.8 mm 14.5-65.5 mm 18.3 mm 52.6 
Bryant Knob Fm. Kissenger Lst. Mbr. 
14-1 and 15-1 (n = 14) 30.9 mm 12.5-52.5 mm 12.8 mm 41.4 
Paleofavosites subelongus 
Bryant Knob Fm., Kissenger Lst. Mbr. 
14-1 and 15-1 (n = 28) 34.4 mm 11.5-67.5 mm 13.8 mm 40.1 
Mosalem Fm., coral-rich bedding surface 
32-1z (n = 23) 39.5 mm 22.5-56.5 mm 8.8 mm 22.3 


Bryant Knob Formation at Section 14 (Higginbotham 
Farm) and Section 15 (Calumet), and on the coral-rich 
bedding surface of the Mosalem Formation at Section 
32 (Thomson East) (Table 8). At Section 32, however, 
there is considerably less variability in size, and small 
coralla with average linear dimensions less than 22.5 
mm are absent. This is not likely to have resulted from 
mechanical sorting; a higher proportion of coralla are 
in growth orientation and the frequency of abraded 
specimens is far lower at Section 32 than elsewhere in 
the Edgewood Province, suggesting comparatively low 
energy conditions. Perhaps this bedding surface was 
colonized by an influx of larvae during a very short 
period of time, and the resulting population was later 
buried during a single event involving relatively little 
disturbance of the coralla. Unfortunately, poor pres- 
ervation of the corallum bases prevents us from de- 
termining whether the colonies originated from sexu- 
ally produced larvae or as a result of asexual fragmen- 
tation (see Lee and Noble, 1990). 


PALEOENVIRONMENTS 


Here we examine the general environments inhab- 
ited by Edgewood colonial corals, based on the lithol- 
ogies in which they occur. Environmental preferences 
and tolerances are shown to vary among taxa. A di- 
versity gradient is recognized within the Edgewood 
Province, and is related to an environmental gradient. 
We are able to make detailed paleoenvironmental de- 
terminations, based on comparative taphonomy and 
paleoecology of colonial corals, for selected strati- 
graphic units and localities. 

A wide spectrum of shallow marine depositional en- 
vironments is represented by latest Ordovician to ear- 
liest Silurian strata in the Edgewood Province (see Text- 
figs. 2-7). Edgewood colonial corals are typically absent 


or rare in units considered to represent restricted-ma- 
rine, low-energy environments. They do not occur in 
the Wilhelmi Formation at Section 3 (Garden Prairie), 
where evaporite crystal molds are present in dolomi- 
tized mudstone. In general, colonial corals are absent 
or rare in argillaceous, dolomitized mudstone to 
wackestone of the Wilhelmi in northeastern Illinois 
and the Mosalem Formation of northwestern Illinois 
and eastern Iowa. Exceptions are as follows: the Wil- 
helmi at Section 37 (Essex), where Halysites alexan- 
dricus, Paleofavosites subelongus, and Aulopora sp. A 
are present (H. alexandricus is common); the coral- 
rich bedding surface in the Mosalem at Section 32 
(Thomson East), where Propora thebesensis, H. alex- 
andricus, and P. subelongus occur (P. subelongus is 
abundant); and the channel-fill beds in the Mosalem 
at Section 32, where Pycnostylus sp. A is abundant. 
Colonial corals are absent or uncommon in other 
fine-grained or argillaceous units that suggest turbid 
environments. They have not been found in the “‘lam- 
inated calcilutite unit” of the Keel Formation at Sec- 
tion 24 (Coal Creek), or in shaly beds of the lower 
Leemon Formation at Section 31 (Thebes North) and 
the entire Leemon at Section 19 (New Wells). Paleo- 


favosites subelongus is rare in dolomitic wackestone of 


the Cyrene Formation at Section 13 (Bowling Green), 
and uncommon in argillaceous, dolomitic packstone 
comprising the unnamed member of the Bryant Knob 
Formation at Section 18 (Kissenger). Of the Edgewood 
colonial corals, P. subelongus may have been the most 
tolerant of turbid conditions. 

Colonial corals are typically absent or rare in units 
considered to represent open-marine conditions with 
the highest energy levels and unstable, shifting sub- 
strates. We did not find them in cross-bedded odlites 
at the base of the Leemon Formation at Section 20 
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(Short Farm) or in the Noix oGdlite of west-central II- 
linois and northeastern Missouri, although Halysites 
has been reported as rare in blocks thought to be from 
the Noix (Amsden, 1974, fig. 9). Colonial corals are 
generally absent or rare in o6lites of the Keel For- 
mation in south-central Oklahoma. Single specimens 
of Halysites alexandricus were collected at Section 24 
(Coal Creek) and Section 25 (Hunton). In the Keel 
odlite at Section 23 (Lawrence Quarry), however, Pro- 
pora thebesensis, Propora savagei, H. alexandricus, Pa- 
leofavosites subelongus, and Palaeophyllum sp. are 
present (1. alexandricus is common). A single speci- 
men of H. alexandricus is known from a silicified oGlite 
at the top of the Cason Shale at Section 33 (Buffalo 
River). Of the Edgewood colonial corals, it appears 
that H. alexandricus was most tolerant of very high 
energy levels and shifting substrates. This is consistent 
with the conclusion that cateniform growth was ad- 
vantageous In such environments (Lee and Elias, 1991). 

Edgewood colonial corals are typically found in bio- 
clastic packstones to grainstones, some of which are 
odlitic. These units are considered to represent open- 
marine, high-energy environments. They contain the 
most diverse colonial coral associations in the Edge- 
wood Province. Examples are as follows: the Brevilam- 
nulella beds of the Keel Formation at Section 23 (Law- 
rence Quarry), where six species were found (Propora 
thebesensis, Halysites alexandricus, and Catenipora 
lawrencica are common); the upper Leemon Forma- 
tion at Section 31 (Thebes North), where seven species 
are known (P. thebesensis is common); and the Kis- 
senger Limestone Member of the Bryant Knob For- 
mation at Section 14 (Higginbotham Farm), where six 
species occur (Paleofavosites subelongus is abundant, 
P. thebesensis is common). 

There appears to be a diversity gradient within the 
Edgewood Province. Eight species of colonial corals 
representing the Edgewood Assemblage are known from 
south-central Oklahoma, seven occur in southern II- 
linois and southeastern Missouri and in northeastern 
Missouri, and four are present in northeastern I]linois 
and in northwestern I]linois (Table 1). Western north- 
central Arkansas is excluded from this analysis because 
data for that area are based on limited sampling at only 
one stratigraphic section. The northward decrease in 
diversity is considered to reflect an environmental gra- 
dient from the most open, normal-marine conditions 
nearest the continental margin in the south, to increas- 
ingly restricted conditions farther north into the cra- 
tonic interior (see also McAuley and Elias, 1990, p. 
Diy 

Detailed environmental determinations are possible 
using comparative taphonomy and paleoecology, as 
discussed above (pp. 22-33). A synthesis of environ- 


mental indicators and interpretations for five localities 
from which sufficient data are available is presented 
in Table 9. The different lines of evidence provide 
consistent results at each locality, and permit recog- 
nition of subtle as well as major differences in envi- 
ronmental conditions among the stratigraphic units. 

The Kissenger Limestone Member of the Bryant 
Knob Formation at Section 14 (Higginbotham Farm) 
and Section 15 (Calumet) was deposited in high-energy 
conditions. Differences in the degree of corallum abra- 
sion suggest that energy levels were slightly lower for 
the Brevilamnulella beds of the Keel Formation at Sec- 
tion 23 (Lawrence Quarry), and highest for the upper 
Leemon Formation at Section 31 (Thebes North). The 
coral-rich bedding surface in the Mosalem Formation 
at Section 32 (Thomson East) was deposited in low- 
to perhaps moderate-energy conditions. 

Substrate stability was high during deposition of the 
Kissenger Limestone in the Bryant Knob Formation 
and the coral-rich bedding surface in the Mosalem For- 
mation; numerous lines of evidence suggest that it was 
even higher for the Brevilamnulella beds in the Keel 
Formation. Substrate stability in the Leemon For- 
mation was low. Turbidity was relatively high only in 
the case of the coral-rich bedding surface. The sedi- 
mentation rate was highest for the Leemon and mod- 
erate to high for the Kissenger. The Brevilamnulella 
beds and the coral-rich bedding surface were charac- 
terized by low sedimentation rates, with numerous lines 
of evidence suggesting the lowest rate for the Brevilam- 
nulella beds. 


ASPECTS OF INTRASPECIFIC 
VARIATION 


INTRODUCTION 


The quantity of numerical data collected in our study 
for the definition and description of coral species per- 
mits the observation of trends in variation that would 
not otherwise be recognized. This section begins with 
a synthesis of certain aspects of variation within spe- 
cies. This provides a basis for the subsequent com- 
parison of patterns of variation among the more com- 
mon species and orders. General patterns of intraco- 
lony, intraspecies, and interspecies variation in Paleo- 
zoic colonial corals are, as yet, poorly understood. As 
described in reviews by Oliver (1968) and Scrutton 
(1989), many studies have examined aspects of vari- 
ation within single species or taxonomic groups (é.g., 
Philip, 1960; Tesakov, 1973; Dixon, 1974; Scrutton 
and Powell, 1980; Scrutton, 1983, 1990; Bondarenko, 
1985; Young and Noble, 1989; Hubmann, 1992). Our 
study differs from these by examining intracorallum, 
intralocality, and interlocality variation of all colonial 
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species occurring in a particular stratigraphic interval 
throughout a large geographic area. 

An examination of colonial coral variation must 
consider several factors. These include ontogeny (de- 
velopment of an individual polyp, as recorded in the 
corallite), astogeny (development of the colony, as re- 
corded in the corallum), cyclomorphic patterns (peri- 
odic morphologic changes recorded by density banding 
in the corallum), and topomorphic patterns (morpho- 
logic differences in different areas of the colony surface, 
recorded on and in the corallum). Environmental and 
genetic differences between populations must also be 
considered. In our analysis we have focused on those 
structural or design constraints within coralla that re- 
sulted in correspondences between numerically ana- 
lyzed morphologic characters, and on determination 
of the limits of intraspecific variation within the var- 
ious groups. Through this methodology, a valid ap- 
proach to the recognition and definition of colonial 
coral species may be developed. 


VARIATION IN INDIVIDUAL SPECIES 


In the following paragraphs, we present an overview 
of patterns of variation within individual species. The 
details are documented and illustrated in Systematic 
Paleontology. Variation in numerical characters is de- 
scribed under /ntraspecific variation for each species. 
Non-numerical aspects of intraspecific variability are 
considered under Description of coralla, Astogeny and 
corallite increase, and Microstructure for each species. 

Propora thebesensis.— Analysis of variation allows 
us to correlate several morphologic characters. Vari- 
ation in internal morphology can be related to both 
geographic locality and growth form. 

We have previously analyzed the relationship be- 
tween size and spacing of tabularia in this species 
(Young and Elias, 1993). It was demonstrated that an 
unusually high variability of tabularium diameter 
within a corallum is commonly related to the density 
of spacing of tabularia, and is thus partly controlled 
by structural factors. Many specimens show little vari- 
ability in tabularium diameter, and have strongly uni- 
modal frequency distributions for this character. Such 
distributions are similar to those for coralla of many 
other heliolitid species (Young and Elias, 1993, fig. 2). 
These strongly unimodal distributions tend to be as- 
sociated with coralla having more widely spaced ta- 
bularia. In coralla with dense tabularium spacing, a 
larger number of small individuals may have resulted 
from slower tabularium expansion rates where walls 
were in contact (Young and Elias, 1993, fig. 5). This 
yields a broader unimodal or bimodal distribution. 
The smaller mode of a bimodal distribution probably 
represents a burst of corallite increase (budding). 


As shown above, intracorallum variability of tabu- 
larium diameters is related to structural aspects of cor- 
allite packing and cyclomorphic patterns. This vari- 
ability also shows some correlation with locality (see 
Intraspecific variation, pp. 49, 50). Interlocality differ- 
ences suggest that genetic and/or environmental factors 
played a role in tabularium size and spacing, and con- 
sequently also in the tabularium size-frequency distri- 
butions. 

There is a strong positive correlation between mean 
tabularium area and mean corallite area on transverse 
sections (see [Intraspecific variation, p. 50). This is sim- 
ilar to the pattern observed in many other heliolitid 
species (see Young and Noble, 1990a, fig. 3; 1990b, 
fig. 2). 

Variation in these internal characters may be related 
to corallum growth form. Taller growth forms are most 
abundant at those localities where tabularia are more 
densely spaced, such as Section-intervals 31-1 and 31- 
1b (Thebes North), and Section-interval 14-1 (Higgin- 
botham Farm). Lower forms are most common where 
tabularia are broadly spaced, as in Section-interval 23-2 
(Lawrence Quarry). Taller growth forms also tend to 
be associated with wider vertical spacing of tabulae 
and dissepiments (see Growth Rate, p. 31). The pres- 
ence of such relationships may indicate that internal 
morphology was more strongly tied to environment 
than is commonly accepted, but it also suggests that 
growth forms in a single species could have varied due 
to genotypic differences between populations. 

Tabulations of morphologic characters at the major 
localities (Tables 10, 11) illustrate the close similarities 
between specimens from most places, but also show 
that coralla from Section-interval 23-2 tend to lie at 
one end of the spectrum of variation. The lower growth 
forms, widely spaced crenulate tabularia, thick walls, 
well developed septa, and more closely spaced hori- 
zontal elements that are typical of this locality may 
have developed as a response to the distinct environ- 
mental conditions prevalent there (see Growth Form, 
pp. 29, 30; Paleoenvironments, p. 34). It is also pos- 
sible, however, that the geographic distance between 
Section 23 (Lawrence Quarry) and the other major 
localities may have permitted a degree of reproductive 
isolation, resulting in significant genotypic differences. 

Propora savagei.— Aspects of intraspecific variation 
analyzed here show patterns typical of the Proporidae. 
These include the unimodal frequency distribution for 
tabularium diameter within a corallum and the posi- 
tive correlation between tabularium area and corallite 
area (see [ntraspecific variation, p. 57). The frequency 
distribution has a slight negative skewness. This was 
probably caused by a low rate of corallite increase. 

Significant variation between localities is observed 
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Table 9.—Environmental interpretations for selected units within the Edgewood Province, based on lithologies and characteristics of colonial 
corals including Propora thebesensis and Paleofavosites subelongus. = indicates an environmental interpretation (for explanations, see The 
Edgewood Colonial Corals, pp. 22-34). 


turbid- 
energy level substrate stability ity sedimentation rate 


units moder- rela- moder- 
section-intervals high- ately mod- high- tively high- ately mod- 
environmental indicators est high high erate low est high low high est high high erate low lowest 


Keel Fm., Brevilamnulella beds 
23-2 

lithology: odlitic, bioclastic pack- 

stone-grainstone; aligned shells = x = = = = x _ a = — - = _ — 
proportion abraded (massive tabu- 

late coralla): high _ x = = = = — — _ _ — = = = = 
degree of abrasion (massive tabulate 

coralla): moderately high _ — x — _ — —_ _ — _ _ — — _ _ 
proportion overturned (massive tab- 

ulate coralla): high = x = — = = = = = — = — = — — 
proportion noncomposite (tabulate 

coralla): high — _ _ _ — _ x _ — - — — _ — = 
proportion of colonial coralla with 

encrusters: highest - — ~ — — x - = - — — — — — x 
proportion of colonial coralla that 

are encrusters: highest — = - = = x — — — _ - - — —- x 
proportion of domical growth forms 

(P. thebesensis): highest _ — — — — x — - — _ _ — — — x 
proportion of domical forms with 

flat bases (P. thebesensis): highest 
proportion of low growth forms (P. 

thebesensis): highest — = = = = x = = = = = = = = x 
inferred mean growth rate (P. the- 

besensis): lowest — =_ — _ — x _ a = — = = = = x 
average and maximum corallum 

size (P. thebesensis): highest = = = = == x = = = = = = — = x 


| 
| 
| 
| 
| 
x 
| 
| 
| 
| 
| 
| 
| 
| 
x 


Leemon Fm. 
31-1 and 31-lb 

lithology: skeletal grainstone; mod- 

erately well-rounded grains “= x = - _ _ - x - - - - - - = 
proportion abraded (massive tabu- 

late coralla): high = x _ _ - _ —- = - - _ - - — = 
degree of abrasion (massive tabulate 

coralla): highest x — — — _ _ _ = — —_ — — — — - 
proportion noncomposite (tabulate 

coralla): lowest - _ _ -- — — - x _ - - - _ _ - 
proportion of colonial coralla with 

encrusters: low — _ — - _ _ _ x — - x _ _ - = 
proportion of colonial coralla that 

are encrusters: none ~ — — - = - - x _ _ x — _ - - 
proportion of domical growth forms 

(P. thebesensis): lowest = — = = = - -— x - x — - - - — 
proportion of columnar growth 

forms (P. thebesensis): highest — — ~ — _ — — x — x _ - _- - 
inferred mean growth rate (P. the- 

besensis and P. subelongus): high = — = ~ _ = - x - — x — - —_ — 


Bryant Knob Fm., Kissenger Lst. Mbr. 
14-1 and 14-2 
lithology: fossiliferous grainstone; 
aligned clasts = x = = = = x == = = = = = _ = 
proportion abraded (massive tabu- 
late coralla): high _ x ~ — — - = = — = = = = = = 
degree of abrasion (massive tabulate 
coralla): high — x — — — - _ - = oe = = = = 
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Table 9.—Continued. 


turbid- 
energy level substrate stability ity sedimentation rate 


units moder- rela- moder- 
section-intervals high- ately mod- high- tively high- ately mod- 
environmental indicators est high high erate low est high low high est high high erate low lowest 


proportion overturned (massive tab- 

ulate coralla): high — x — — — — — = — — — — = = = 
proportion noncomposite (tabulate 

coralla): high — = _ = _ _— x = — _ — - _ - _ 
proportion of colonial coralla with 

encrusters: moderately low _ — — — _ - 7 — — — — x a — — 
proportion of colonial coralla that 

are encrusters: none — — — - = - - = _ - x — _ - — 
proportion of domical growth forms 

(P. thebesensis and P. subelon- 

gus): moderate = — — _ _ _ _ — — — — - x — — 
proportion of columnar growth 

forms (P. thebesensis): moderate _ = — — — = = — = — = x = = = 
inferred mean growth rate (P. the- 

besensis and P. subelongus): mod- 

erate - — — — — _ - —- — _ — - x _ — 


15-1 

lithology: grainstone — x — — — - — = — = = — = = = 
proportion abraded (massive tabu- 

late coralla): high = x = = = oo = — = ae = = = a = 
degree of abrasion (massive tabulate 

coralla): high — x =— — = = = = = = = — = = = 
proportion noncomposite (tabulate 

coralla): high = _ - _ = = x = = = = = = = = 
proportion of colonial coralla with 

encrusters: moderately low — — — — _ - - — _ - - x = = = 
proportion of colonial coralla that 

are encrusters: none — ~ - — _ - - — — — x — — _ — 
proportion of domical growth forms 

(P. thebesensis and P. subelon- 

gus): low =— — — = — — = = ae — x = = — = 
proportion of high growth forms (P. 

thebesensis): highest — = = = = = = = — = a = x = = 
inferred mean growth rate (P. the- 

besensis and P. subelongus): mod- 

erate — - - — — — - = = — — = x = — 


Mosalem Fm., coral-rich bedding surface 
32-1z 

lithology: mudstone—wackestone — - = = x = x = x = = = = = = 
proportion abraded (massive tabu- 

late coralla): low = = _ = x a = = = = = = = = =z 
degree of abrasion (massive tabulate 

coralla): low = = = = x = = —_ = aa = = = = = 
proportion overturned (massive tab- 

ulate coralla): moderate = = = x = = = = = = a = = = = 
proportion noncomposite (tabulate 

coralla): high — = = = = = x = = = = = = = = 
proportion of colonial coralla with 

encrusters: low — = = = = = = = x = = = = a. = 
proportion of colonial coralla that 

are encrusters: none _ - = = = = = = x = La = = = = 
proportion of domical growth forms 

(P. subelongus): highest ~_ = — = = x ———— = = = = = = x 
proportion of domical forms with 

flat bases (P. subelongus): low _ = — = = = x = = = = = = x = 
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Table 10.—Interlocality variation in qualitatively defined mor- 
phologic characters of Propora thebesensis in the east-central United 
States. P = predominant, C = common, R = rare or weakly devel- 
oped, A = absent. 


sections/section-intervals 


31-1 
and 
31- 
characters 23-2 Ib 14-1 15-1 16 18 32-Ic 
columnar forms A P (e; A - - = 
high bulbous and domical 
forms (es (e: ¢ 1 - = - 
low bulbous and domical 
forms (e (S R A - = 
smooth-walled tabularia R P 2? (S R - C 
crenulate tabularia P Rc G P — R 
subpolygonal tabulana Re ‘S (G G P R 
(S Ro oR: R 


cyclomorphic thickening 


in comparisons of coralla from Section 20 (Short Farm) 
with those from the other localities. These differences 
may have evolutionary significance, and are consid- 
ered in detail elsewhere (see Discussion, p. 58). 

Propora speciosa. —Coralla are very consistent in nu- 
merically analyzed characters, but differ visibly in pat- 
terns of thickening of skeletal elements. These patterns 
are not correlated with interlocality variability; some 
of the greatest differences occur between specimens 
from the same locality (see e.g., Pl. 7, figs. 1, 7). The 
corallum from the upper Mosalem Formation at Sec- 
tion 32 (Thomson East) (see Pl. 7, fig. 8) is younger 
than and is separated by a considerable geographic 
distance from the specimens from Section 31 (Thebes 
North) and the Gale Section. Nevertheless, it is similar 
to them and its numerical characters are mostly close 
to the species means (see Description of coralla, p. 59; 
Discussion, p. 61). 


A relatively low degree of variability is observed in 
specimens of Propora speciosa from the east-central 
United States. This is consistent with the character of 
this species as noted by Dixon (1974, pp. 581, 582) in 
his discussion of material from the Ellis Bay Formation 
on Anticosti Island, Québec, and also as commented 
on by Scrutton (1989, p. 40) (see also Comparisons of 
Species, p. 42). 

Halysites alexandricus.— Although this species is 
common in the study region, variation between local- 
ities is not distinct. This observation may be related 
to preservational problems, since the fragmentary na- 
ture of much material limits numerical analysis. 

Paleofavosites subelongus. — This species shows a high 
degree of variability in several important morphologic 
characters. It is like other favositids (see Scrutton, 1989, 
pp. 40, 41; Lee and Noble, 1988, p. 38) in often ex- 
hibiting extreme variation in intracorallum corallite 
size. Mean corallite sizes can also be quite different 
between coralla. Since this parameter is commonly used 
to discriminate species, we document this variability 
and examine possible controls of corallite size. Other 
characters of Paleofavosites subelongus that show in- 
teresting types of variation include growth form, initial 
corallum astogeny, and the degree of development or 
thickening of skeletal characters. 

Corallite size-frequency distributions of Paleofavo- 
sites subelongus can be quite different from one trans- 
verse section to another, both within and between cor- 
alla. For this reason, we used this species as an example 
in an examination of the relationship between favositid 
corallite size and polygonality (number of sides) (see 
Young and Elias, 1993). Differences in the variability 
of corallite dimensions between transverse sections 
from a single corallum are apparently related to rate 
and periodicity of corallite increase (Young and Elias, 
1993, p. 288; see also Scrutton and Powell, 1980, p. 


Table 11.—Interlocality vanation in quantitatively defined morphologic characters of Propora thebesensis in the east-central United States. 
“A” and “B” refer to frequency of data points above and below arbitrary lines in Text-figure 14B, D, F. 


section-intervals 


characters 23-2 


tabularium area: corallite area 


A (tabularia closely spaced) 1 (7%) 

B (tabularia farther apart) 13 (93%) 
spacing of tabulae and dissepiments 

A (elements close together) 7 (100%) 

B (elements farther apart) 0 (0%) 
wall thickness and septal development 

A (walls thick, septa longer) 9 (69%) 

B (walls thin, septa short or absent) 4 (31%) 


31-1 and 
31-1b 14-1 15-1 

8 (67%) 11 (79%) 4 (40%) 
4 (33%) 3 (21%) 6 (60%) 
1 (17%) 1 (9%) - 

5 (83%) 10 (91%) — 

1 (10%) 3 (33%) 1 (20%) 
9 (90%) 6 (67%) 4 (80%) 
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480). New corallites expanded slowly due to the phys- 
ical constraints caused by corallite packing (Young and 
Elias, 1993, pp. 289, 290, table 1). The size-frequency 
distribution of corallites having six and more sides on 
any given transverse section of P. subelongus is vir- 
tually normal. This supports the recognition of such 
corallites as mature individuals (see Young and Elias, 
1993, pp. 284, 286, fig. 3). 

Corallite size is correlated with the degree of devel- 
opment and thickening of several skeletal characters, 
including wall thickness, relative septal length, and the 
diameter of corner pores (see /ntraspecific variation, p. 
85). The relationship between average corallite di- 
mension and pore diameter is comparable to that de- 
scribed by Tesakov (1973, figs. 8, 9) for Favosites La- 
marck and Calamopora Goldfuss (Paleofavosites) from 
the Silurian of Siberia. However, a relationship be- 
tween corallite size and the development of pores, wall 
thickness, and septal length has not, to our knowledge, 
been previously documented. Such a relationship cer- 
tainly has not been observed in any of the other tab- 
ulates included in the present study. The correlation 
among these characters supports the idea that growth 
of favositid corallites was largely controlled by struc- 
tural constraints imposed by colony design; these con- 
straints apparently extended beyond the physical cor- 
allite packing discussed by Young and Elias (1993). 

Variation in mean corallite size is correlated with 
general differences in colony growth form between lo- 
calities. Coralla having domical growth forms and flat 
bases tend to have larger corallites than do those having 
bulbous or columnar forms and conical bases. This 
difference may be related to the primary growth habit 
of each corallum; an initially broad divergence of cor- 
allites provided more space for corallites to expand to 
large sizes within the corallum. The relationship be- 
tween average corallite dimension and colony form is 
complex because form could change during astogeny, 
and factors such as colony reorientation and partial 
mortality could have affected the final form. 

The shape of the corallum base itself seems to have 
resulted more from a response to local conditions than 
from deterministic growth, although the initial pattern 
indicates a degree of genetic control. Serial sections 
through the absolute base of a corallum show that the 
protocorallite (formed by the polyp that founded the 
colony) was joined initially by four hysterocorallites 
(formed by polyps that arose through budding). This 
pattern is very similar to that described by Girty (1895) 
for four species of Favosites, except that the location 
of the hysterocorallites in Girty’s specimens was gen- 
erally more regular than is the case for the corallum of 
Paleofavosites subelongus. Subsequent growth of the 
base, however, shows no indication of dominance on 


Table 12.—Interlocality variation in qualitatively defined mor- 
phologic characters of Paleofavosites subelongus in the east-central 
United States. P = predominant, C = common, R = rare or weakly 
developed, A = absent. 


sections/section-intervals 


Sof near 
Clarks- Edge- 


characters 31-1 14-1 15-1 18 ville wood 32-Iz 


columnar forms — 
high bulbous forms — 
low bulbous forms - 
high domical forms — 
low domical forms — 
long septa A 
mid-wall pores A 
widely spaced tabulae P 

R 

A 


closely spaced tabulae 
cyclomorphic thickening 


HOMO) (2) (NO) (OKO@) 
QANNSFRIONPSPIAN SP 
ARVRAONIVAAR 


Aiea. oil 
ARP UPO] 
RPOAORTV| 


the part of the protocorallite or the initial hysterocor- 
allites, and the continued growth of any corallite seems 
to have been related to its position in the corallum 
rather than to “‘seniority.”” The shapes of bases of in- 
dividual coralla are consistent with local environmen- 
tal conditions inferred from other indicators, such as 
lithology and abrasion of coralla (see Growth Form, p. 
29). 

Tabulations of morphologic characters (Tables 12, 
13) indicate that similar morphotypes occur at several 
localities, and that much of the interlocality variation 
is not systematic. It is difficult to make general com- 
parisons between the distribution of growth form and 
that of most other characters because form data for 
most localities are not available; correspondences be- 
tween form and average corallite dimension are dis- 
cussed above. Coralla from Section-interval 31-1 
(Thebes North) lie at one end of the spectrum of vari- 
ation in internal morphology, characteristically having 
small corallites, short septa, widely spaced tabulae, and 
little or no cyclomorphic thickening. Specimens from 
5 km south of Clarksville, Missouri, also have small 
corallites and widely spaced tabulae, but some of these 
have longer septa and a higher degree of cyclomorphic 
thickening. Coralla from Section-interval 14-1 (Hig- 
ginbotham Farm) and Section-interval 15-1 (Calumet) 
are highly variable, including most of the range of vari- 
ation of this species, whereas those from Section-in- 
terval 18-1 (Kissenger) and from the Cyrene Formation 
near Edgewood, Missouri, generally have long septa, 
variable spacing of tabulae, and rare cyclomorphic 
thickening. The suite of coralla from Section-interval 
32-1z (Thomson East) is distinctive; these possess large, 
thin-walled corallites with widely spaced tabulae. 

The occurrence of mid-wall pores in this species may 
have stratigraphic and evolutionary significance. Mid- 
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Table 13.—Interlocality variation in quantitatively defined morphologic characters of Pa/eofavosites subelongus in the east-central United 
States. “A” and “B” refer to frequency of data points above and below arbitrary lines in Text-figures 25A, B, 26A; c.v. = coefficient of variation. 


sections/section-intervals 


S of 
characters 31-1 14-1 15-1 Clarksville 32-Iz 

average corallite dimension 

A (larger corallites) 0 (0%) 19 (50%) 2 (29%) 0 (0%) 24 (73%) 

B (smaller corallites) 6 (100%) 19 (50%) 5 (71%) 5 (100%) 9 (27%) 
c.v. of avg. corallite dimension and c.v. of polygonality 

A (more variable size and polygonality) 4 (67%) 23 (61%) 5.5 (79%) 1 (20%) 16 (48%) 

B (less variable size and polygonality) 2 (33%) 15 (39%) 1.5 (21%) 4 (80%) 17 (52%) 
wall thickness and average corallite dimension, 6+ sides 

A (walls relatively thick) 18 (58%) 3 (43%) - 2 (33%) 

B (walls relatively thin) 13 (42%) 4 (57%) — 4 (67%) 


wall pores are absent in coralla from all stratigraphic 
intervals considered to be latest Ordovician (Gama- 
chian), such as Section-intervals 23-2 and 23-3 (Law- 
rence Quarry), and Section-interval 31-1. They are, 
however, found in small numbers in some intervals 
where rocks are possibly earliest Silurian (early Rhud- 
danian?; e.g., Section-interval 14-1) or definitely ear- 
liest Silurian (early Rhuddanian; e.g., Section-interval 
32-1z). This pattern, along with the greater abundance 
of mid-wall pores in the slightly younger (late Rhud- 
danian), apparently descendant species Paleofavosites 
sp. cf. P. subelongus from Section-interval 32-Ic 
(Thomson East), suggests that this character appeared 
within the species lineage. 

Paleofavosites adaensis.—This species exhibits little 
intercorallum variation in most morphologic charac- 
ters, but there are distinct differences between localities 
for corallite size distributions and spacing of tabulae. 
These characters show a correlation with colony growth 
form (see /ntraspecific variation, p. 93). At those lo- 
calities where forms are bulbous or domical, corallite 
size distributions are somewhat variable and tabulae 
are widely spaced. Where coralla have tabular forms, 
corallite size distributions are regular and tabulae are 
more closely spaced. 

Aulopora sp. A.—This species occurs at two locali- 
ties. Variation in corallite size distribution for the two 
specimens from Section-interval 23-2 (Lawrence 
Quarry) shows an unusual pattern. Visual observation 
of both specimens suggests that each includes several 
small coralla comprising one or a few corallites; cor- 
allites expanded rapidly above their bases and are rare- 
ly observed to be connected with one another (PI. 20, 
fig. 1). This suggestion is also supported by the fre- 
quency distribution of corallite and tabularium sizes 
in one specimen, which is dominated by small coral- 
lites (see Intraspecific variation, p. 98). In contrast with 


this, the size-frequency curve for a single, larger au- 
loporid corallum from the Devonian of southwest En- 
gland (Scrutton, 1990, fig. 11a) is approximately nor- 
mal, and is similar to the curves commonly seen for 
massive coenenchymal Tabulata. 


COMPARISONS OF SPECIES 


Comparisons of the patterns of variation in different 
species indicate that inherent variabilities of different 
coral orders are not the same, and that certain types 
of variation tend to recur among species and among 
orders. Some of the general similarities and differences 
among taxa are linked principally to the structural fac- 
tors that controlled the ways in which colonial corals 
were able to grow. Genotypic and ecophenotypic fac- 
tors acted in concert with the structural control of 
growth to determine variation within the individual 
species. 

Degrees of variability. —From the discussions under 
Variation in Individual Species, above, it is apparent 
that some colonial coral species are much more vari- 
able than are others. The possible causes of such dif- 
ferences in variability must be considered, because the 
limits of variability must be known in order to properly 
define species within each order. Species belonging to 
some orders have more variable corallite sizes due to 
inherent design constraints. Differences in variability 
are also significant because they may reflect disparity 
in the morphologic plasticity of species, which may 
explain why some species were able to live in a greater 
variety of environments than were others. 

Differences in variability of fossil invertebrate taxa 
are quite commonly discussed in the literature, but 
numerical comparisons of the amount of variation are 
relatively rare. For a numerical description of intra- 
corallum and intercorallum variability for each param- 
eter, we follow Oliver (1968, pp. 27, 28), Scrutton (1989, 
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pp. 39, 40), and Stearn (1989, pp. 45, 46) in using the 
coefficient of variation (c.v.) (Simpson et al., 1960). 
The c.v. can be readily used to compare different types 
of numerical data because it is dimensionless. It is 
generated using the following formula: 


tandard deviati 
_ Standard deviation | |, 


CAN 
mean 

Graphs of mean intracorallum c.v. versus the c.v. of 
corallum means are plotted for three parameters: cor- 
allite size, wall thickness, and spacing of tabulae (Text- 
fig. 11). Intracorallum variability of corallite size for 
each species of Paleofavosites (Order Favositida) is two 
to three times as great as for any species of Propora 
(Order Heliolitida), or Halysites and Catenipora La- 
marck (Order Halysitida) (Text-fig. 11A). A similar 
pattern was noted by Scrutton (1989, p. 40, fig. 4b) in 
a comparison of favositids and heliolitids. The basis 
for high intracorallum variability in corallite size of 
favositids is in their design. Lateral expansion of fa- 
vositid offsets was slow, with rates governed by the 
lateral expansion of the growth surface and the degree 
of contraction of surrounding corallites; for this reason 
transverse sections frequently include substantial num- 
bers of immature individuals (see Young and Elias, 
1993, pp. 283, 288, fig. 2). The coenosteal and caten- 
iform growth habits of heliolitids and halysitids per- 
mitted new corallites to expand much more rapidly. 
Most of the species of Pa/eofavosites included in the 
present study have intraspecific variabilities for mean 
corallum corallite size similar to those of the other 
tabulates. The one exception is Paleofavosites subelon- 
gus; the greater intraspecific variability of size in that 
species may be related to its ability to grow in a broad 
variety of environments (see Paleoenvironments, pp. 
33, 34). 

Although intracorallum and intraspecific variation 
in wall thickness can be substantial (Text-fig. 11B), 
there are no obvious differences among orders. Vari- 
ation in wall thickness is not related in any recognizable 
way to the structural design of most of these taxa; the 
lack of such a connection probably accounts for the 
absence of distinctions for this character. 

The graph for spacing of tabulae indicates that both 
intracorallum and intraspecific variability are greater 
for species of Paleofavosites than for other taxa (Text- 
fig. 11C). This greater variability appears to be related 
to two factors: cyclomorphic growth and interlocality 
variation. In general, the species of Paleofavosites oc- 
curring in the study region show a greater amount of 
cyclomorphic variation in spacing of tabulae than do 
the other colonial corals. Cyclomorphic growth pat- 
terns are particularly marked in Paleofavosites sp. A 
(Pl. 19, fig. 12), explaining the large mean intracoral- 
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Text-figure 1 1.—Comparison of coefficients of variation (c.v.) for 
selected parameters in several species of Tabulata from the east- 
central United States. A, Mean intracorallum c.v. versus intraspecific 
c.v. of corallum means for corallite size (tabularium diameter of 
heliolitids, tabularium dimension (length) of halysitids, average cor- 
allite dimension of favositids). B, Mean intracorallum c.v. versus 
intraspecific c.v. of corallum means for wall thickness. C, Mean 
intracorallum c.v. versus intraspecific c.v. of corallum means for 
number of tabulae in unit 5 mm. Graphs are based on data included 
in Tables 15, 18, 19; species included in graphs all had four or more 
coralla measured for the given parameter. Symbols for species: 
Propora thebesensis; O Propora savagei; © Propora speciosa, + Hal- 
ysites alexandricus; x Catenipora lawrencica, & Paleofavosites sub- 
elongus,; 4 Paleofavosites sp. cf. P. subelongus; W Paleofavosites 
adaensis; VY Paleofavosites sp. A. 
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lum c.v. for that species. In Paleofavosites adaensis, 
different tabular spacings are associated with the vari- 
ation in corallum growth form seen at different local- 
ities; this is responsible for the great variability of cor- 
allum means for the species. 

Among the non-favositid corals, Propora savagei and 
Propora speciosa are remarkable for representing the 
extremes of intraspecific variability in corallite size and 
wall thickness. The remarkable consistency among 
specimens of P. speciosa has already been commented 
upon (see Propora speciosa, p. 38). The high degree of 
intraspecific variability in P. savagei reflects the dif- 
ferences between coralla from Section 20 (Short Farm) 
and those from other localities (see Discussion, p. 58). 

Shared patterns of variability. —Species of massive 
Tabulata having coenenchymal and cerioid growth 
habits both show connections between external cor- 
allum growth form and aspects of internal morphology 
that are related to corallite size and packing. In Propora 
thebesensis, coralla having densely spaced tabularia tend 
to exhibit a greater variability of tabularium diameter 
than do those having more broadly spaced tabularia. 
Tabularia are often more densely spaced at localities 
where taller growth forms predominate, and more 
broadly spaced where lower growth forms are com- 
mon. The pattern for Paleofavosites adaensis is anal- 
ogous; corallite size distributions are more variable at 
localities where forms are bulbous or domical than at 
localities where tabular forms predominate. The sit- 
uation for Paleofavosites subelongus is slightly differ- 
ent; the internal parameter related to growth form is 
average corallite dimension (corallite size). Coralla of 
P. subelongus having domical growth forms and flat 
bases tend to have larger corallites than do those having 
bulbous or columnar forms and conical bases. 

In each of these cases, control on tabularium and 
corallite size was probably exerted by the internal space 
constraints determined by external corallum form. 
Where external forms restricted lateral expansion of 
the individual modules, tabularia or corallites became 
smaller and/or expanded more slowly (producing more 
variable size distributions). The influence of environ- 
mental factors on corallum growth form was appar- 
ently similar in Propora thebesensis and Paleofavosites 
subelongus (see p. 28), and variation in internal char- 
acters of these species may have been partly under 
environmental control. 


SYSTEMATIC PALEONTOLOGY 


INTRODUCTION 
Analysis of variation is integral to the species con- 
cept for Paleozoic colonial corals. The general ap- 
proach that we use is similar to that outlined by Scrut- 


ton (1989, pp. 40, 41). Valid species can be recognized 
only when intraspecific variation based on a number 
of coralla is thoroughly documented. A very high de- 
gree of intraspecific variability can be accepted, but 
variation in important numerical and non-numerical 
characters must be reasonably continuous. Species are 
separated from one another by morphologic gaps (e.g., 
see Young and Noble, 1990b, fig. 2). In this study we 
include separate descriptions of intraspecific variation 
under those species for which sufficient data are avail- 
able; an overview and synthesis that compares varia- 
tion in the different species and orders is presented 
above (see Aspects of Intraspecific Variation, pp. 34— 
42). All aspects of morphology that can be described, 
including astogeny, corallite increase, microstructure, 
and growth form, are considered when defining species. 
In general, the most useful characters for species dis- 
crimination are the form of basic structural elements 
such as walls, septa, and tabulae, and certain measured 
parameters including tabularium or corallite diameter 
and corallite area (see Biometric Methods, pp. 43, 44). 

In many respects, the systematic difficulties involved 
in the discrimination of Paleozoic colonial coral spe- 
cies are comparable to the problems faced by workers 
examining living corals of the subclass Scleractinia 
Bourne (e.g., Coates, 1984). Some species of modern 
corals show little variability, but others are extremely 
variable (Best et a/., 1984). Analysis of large numbers 
of scleractinian colonies is essential for determining 
patterns of intracolony and intraspecies variability (e.g., 
see Veron and Pichon, 1976; Foster, 1985). 

Our suprageneric classification is similar to that giv- 
en in Hill (1981), with two significant exceptions. First, 
we consider the Halysitida to be a separate order, rather 
than a suborder of the Heliolitida. Second, the sub- 
family Paleofavositinae Sokolov is included as a junior 
synonym of the Favositinae Dana. Explanations of these 
differences in approach are provided in the discussions 
under those groups, below. Suprageneric taxa and gen- 
era are discussed if our work has increased the knowl- 
edge and understanding of the group. 

Many of the morphologic terms that we use to de- 
scribe both tabulate and rugose corals follow Hill (1981, 
pp. F6-F36, F430-F456). Some terms for heliolitid 
morphology are taken from Dixon (1974). Categories 
for corallum growth form are described in Growth Form 
(pp. 27, 28). General terms for corallite increase are 
from Oliver (1968, pp. 19-21) and (Hill, 1981, pp. 
F437, F438); descriptors of increase in halysitids are 
after Webby and Semeniuk (1969, pp. 353-356) and 
Webby (1975). Detailed terms are not used to distin- 
guish astogenetic stages because this would impose an 
arbitrary structure on phenomena that are poorly un- 
derstood. 
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A total of 361 specimens from the east-central Unit- 
ed States are identified herein; these are assigned to 21 
species. Both transverse and longitudinal thin sections 
were made of all collected coralla; specimens were 
identified and measured if possible. Species descrip- 
tions and diagnoses are based on all identified material. 
A group of thoroughly documented, conspecific coralla 
is assigned to a previously described species ifa definite 
identification can be made, using comparison with type 
material. A new species is named if sufficient material 
is available so that we can accurately assess morphol- 
ogy and variability, and can not assign that material 
to a previously described species. In some cases, a 
group of coralla clearly belongs to a single species, but 
can not be completely described due to insufficient 
numbers or poor preservation. If it has obvious affin- 
ities with or is comparable to a known species, it is 
named with “sp. aff.” or “‘sp. cf.,’” respectively. Such 
a group of conspecific coralla is assigned a letter des- 
ignation (“‘sp. A’’) if it is not sufficiently similar to a 
known species. The designation “‘sp.”’ is used for a 
group of coralla belonging to Pal/aeophyllum because 
we are not certain that all included coralla are con- 
specific. 

Each synonymy includes those taxa we consider to 
be synonymous, along with possible synonyms and 
others that are very similar. A similar taxon that is not 
definitely synonymous with the described group is giv- 
en the appropriate designation, as follows: [aff-] if it 
has definite affinities, [cf] if it is comparable, and [?] 
if it is a questionable synonym. 


BIOMETRIC METHODS 


Many Paleozoic colonial corals are morphologically 
simple, possessing several characters that are easily 
quantified. Such characters are good indicators of vari- 
ation, but they should be assessed carefully, and must 
not be used to the exclusion of qualitatively defined 
features for species discrimination. Many of the mea- 
surements applied here are the same as or similar to 
parameters used in the following studies: Dixon (1974, 
pp. 568-570) and Young and Noble (1990a, pp. 44, 
45) for Heliolitida; Young et a/. (1991, pp. 715, 716) 
for Halysitida; and Sutton (1966, p. 257) and Young 
and Elias (1993) for Favositida. Measurements are 
made on the mature part of each corallum, if it can be 
recognized. For linear measurements, a sample of 20 
corallites per corallum is considered to give a reason- 
able representation of that specimen (Oliver, 1968, p. 
27; Dixon, 1974, p. 568; Scrutton, 1989, p. 40). Where 
possible, at least 20 corallites are measured within a 
contiguous area on each thin section for each appro- 
priate parameter. An exception is made for average 
corallite dimension and polygonality of favositids, 


where all corallites in a contiguous area are measured 
until data are obtained on at least 20 corallites having 
six and more sides (such corallites are considered to 
be adults; see Young and Elias, 1993). Biometric meth- 
ods pertaining to growth form are described in Growth 
Form (pp. 27, 28). 

The following parameters are measured or counted 
on transverse sections: 

Tabularium diameter (TaD).—For heliolitids, the 
order Auloporida Sokolov, and tetradiids, this char- 
acter is measured internally from wall to wall where 
walls are least thickened by septal development. 

Tabularium dimensions (TaD (L), TaD (W)).— 
Length (L, along the rank) and width (W, across the 
rank) of halysitid tabularia are measured separately 
because most halysitid corallites are ovate or elliptical 
in transverse section. Measurement is done internally 
from wall to wall. 

Tabularium area (TaA).—For heliolitids, tabular- 
ium area is calculated from the diameter. For halysi- 
tids, it is calculated as the area of an ellipse based on 
the tabularium dimensions (length and width). 

Average corallite dimension (ACD (all), ACD (6+)).— 
This parameter, measured in favositids, is similar to 
the average transverse axis measurement of Sutton 
(1966, p. 257). Two measurements of dimension for 
each corallite are made at right angles to one another, 
between corallite midwalls. The mean of these is used 
to describe corallite size. For a corallite that is not 
equidimensional, the axis around which the corallite 
is closest to being bilaterally symmetrical is used to 
orient the first measured dimension. Data are pre- 
sented separately for all measured corallites and for 
those having six and more sides. 

Corallite diameter (CoD). —The external corallite di- 
ameter is measured for auloporids, tetradiids, and ru- 
gosans. 

Corallite area (CoA). —This parameter is quantified 
for heliolitids and favositids. A unit area of 1 cm? is 
placed on the part of the transverse section on which 
measurements of tabularium diameter or average cor- 
allite dimension are made; all corallites within that area 
are counted. Half and quarter corallites are included 
in the count. The mean corallite area, in mm’, is cal- 
culated from the inverse of this count. 

Tabularium area: corallite area (TaA:CoA).—The 
ratio between tabularium area and corallite area of 
heliolitids is quantified as a measure of density of ta- 
bularium spacing. 

Polygonality (Pol).—For favositids, polygonality (the 
number of sides per corallite) is determined as the 
number of other corallites a particular corallite is in 
contact with. 

Tubule diameter (TuD). —For heliolitids having tu- 
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bular coenenchymes, internal diameter of each tubule 
is measured. 

Tubule dimensions (TuD (L), TuD (W)).—For hal- 
ysitids having tubules between their corallites, internal 
tubule dimensions are separated into length (L, along 
the rank) and width (W, across the rank). 

Wall thickness (WT).—This character is measured 
for all corals. In heliolitids, thickness of the tabularium 
wall is measured between septa, where it is least af- 
fected by trabecular thickening. In halysitids, wall 
thickness is measured at the midpoint of the side of 
each corallite. In favositids, the thickness of each shared 
corallite wall is measured between septa, where it is 
less affected by thickening. In auloporids and tetra- 
diids, the corallite wall is measured between septa, 
where it is least affected by thickening. For rugosans, 
this character is measured at the midpoint between a 
pair of septa. 

Pore diameter (PoD). —The diameter of corner pores 
is measured in favositids. 

Length of septa (LS). —For heliolitids, halysitids, and 
auloporids, the length of septa in each corallite is de- 
termined as a percentage of the tabularium radius. In 
favositids and tetradiids, the percentage of the corallite 
radius is used. For rugosans, the length of major septa 
is determined as a percentage of the corallite radius. 

Number of major septa (NS). —The number of major 
septa in each rugosan corallite is counted. 

The following parameters are measured or counted 
on longitudinal sections: 

Number of tabulae in 5 mm (Ta5).—For all groups, 
the number of corallite tabulae in 5 mm is counted 
along the axis of each corallite. One end of the unit 5 
mm is placed directly over one tabula, which is not 
included in the count. 

Number of septa in 5 mm (Se5). —For favositids, the 
number of septal spines in 5 mm is counted along the 
wall of each corallite. One end of the unit 5 mm is 
placed directly over one septum, which is not included 
in the count. 

Number of dissepiments in 5 mm (Di5).—The num- 
ber of heliolitid coenenchymal dissepiments in 5 mm 
is measured along a vertical transect at the midpoint 
between two tabularia. One end of the unit 5 mm is 
placed directly over one dissepiment, which is not in- 
cluded in the count. 

Number of tabulae in 5 mm: number of dissepiments 
in 5 mm (Ta5:Di5).—The ratio between vertical den- 
sities of tabulae and dissepiments in heliolitids is cal- 
culated as a measure of the relative spacing of these 
horizontal elements. 

Thickness of cycles (TC). —The thickness of cycles 1s 
measured in coralla exhibiting obvious cyclomorphic 
variation in density of spacing and thickening of skel- 


etal elements. A cycle is defined as one pair of dense 
and less dense growth bands. 


COLLECTORS AND REPOSITORIES 


Specimens examined during this study are identified 
by a repository abbreviation and catalogue number. 
Unless stated otherwise, they were collected by R. J. 
Elias, G. A. Young, and V. L. F. Young in 1990. Ab- 
breviations of repositories are listed below. 


GSC: Geological Survey of Canada, Ottawa, On- 
tario, Canada. 


ROM: Royal Ontario Museum, Toronto, Ontario, 
Canada. 
LON University of Illinois at Urbana-Champaign, 


Urbana, Illinois, U.S.A. 
USNM: National Museum of Natural History, Smith- 
sonian Institution, Washington, D.C., U.S.A. 
Peabody Museum of Natural History, Yale 
University, New Haven, Connecticut, U.S.A. 


YPM: 


SYSTEMATICS 
Class ANTHOZOA Ehrenberg, 1834 


Subclass TABULATA 
Milne-Edwards and Haime, 1850 


Order HELIOLITIDA Frech, 1897 


Diagnosis.—Tabulata having massive coralla of 
variable growth form. Tabularia separated by coenen- 
chyme. Septa number 12, each consisting of a trabec- 
ular or laminar base that may possess a row of distinct 
spines; may be absent. Tabulae commonly complete. 
Increase coenenchymal. 

Remarks. —Our concept of the Heliolitida is essen- 
tially the same as that outlined by Hill (1981, p. F602) 
for the Heliolitina Frech. Hill (1981, pp. F602, F603) 
included the Halysitina Sokolov in the Heliolitida. We 
consider the Halysitida to be a separate order (see Dis- 
cussion under Order Halysitida, pp. 66, 67). 


Family PROPORIDAE Sokolov, 1949 


Genus PROPORA 
Milne-Edwards and Haime, 1849 


Propora Milne-Edwards and Haime, 1849, p. 262. 
Lyellia Milne-Edwards and Haime, 1851, pp. 150, 226. 
Pinacopora Nicholson and Etheridge, 1878, p. 52. 
Calvinia Savage, 1913, pp. 65, 66 [non Nutting, 1900]. 
Cavella Stechow, 1922, p. 152. 

Koreanopora Ozaki, 1934, p. 68. 

[?] Acdalopora Bondarenko, 1958, p. 215. 

[?] Mcleodea Flower and Duncan, 1975, pp. 186, 187. 


Type species. —By monotypy: Porites tubulata Lons- 
dale (1839, p. 687, pl. 16, figs. 3, 3a—f); Woolhope 
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Limestone (upper Lower Silurian, Wenlock), Welsh 
Borderland, U.K. 

Diagnosis. —Proporidae with tabularia of smooth or 
crenulate outline, separated from one another by coen- 
enchyme composed of dissepimentate plates. Twelve 
septa have basal ridges that may bear spinose adaxial 
extensions; septal bases commonly exhibit trabecular 
thickening which may extend outward into coenen- 
chyme. Other trabeculae may occur between septa in 
corallite walls, or in coenenchyme. Corallite walls com- 
posed of vertically oriented trabeculae, or with lamellar 
appearance where trabeculae are not developed; com- 
plete or incomplete. Tabulae usually complete. 

Discussion.—Our concept of Propora is similar to 
those recently outlined by Dixon (1974, p. 570), Laub 
(1979, pp. 331, 332), Hill (1981, p. F612), Scrutton 
(1985, p. 35), and Young and Noble (1990b, pp. 187, 
188). The present examination of species from the east- 
central United States, however, demonstrates that 
members of this genus can have a wide variety of wall 
structures. 

Calvinia (= Cavella) is synonymized with Propora, 
following re-examination of the type material. Savage’s 
(1913) recognition of Calvinia as a distinct genus was 
based on the incorrect interpretation of vertically ori- 
ented coenenchymal trabeculae as tubules. The type 
specimen of Calvinia edgewoodensis (UI X-850), from 
the Leemon Formation (uppermost Ordovician, Ga- 
machian) at the Gale Section is conspecific with Pro- 
pora speciosa (see Discussion under Propora speciosa, 
pp. 60, 61). 

The other genera included in the synonymy have 
been discussed in one or more recent studies, but a few 
points require further discussion. Mcleodea, from the 
Aleman Formation of Texas (Upper Ordovician, 
Maysvillian—Richmondian; Sweet, 1979, fig. 4), is very 
similar to Propora. It has a coenenchyme that is almost 
tubular where tabularia are closely spaced, however, 
and has walls that are composed of the lateral edges 
of coenenchymal dissepiments in some places. Young 
and Noble (1990b, p. 188) noted that some specimens 
of Propora exigua (Billings) from the Lower Silurian 
of northern New Brunswick have coenenchymes of 
similar character. Corallite walls composed of the lat- 
eral edges of coenenchymal dissepiments occur in Pro- 
pora sp. A from the Sexton Creek Limestone of south- 
ern Illinois (lower Lower Silurian, Lower? Llandovery) 
(PI. 8, fig. 2) and in Propora americana (Milne-Edwards 
and Haime) from the Lower Silurian of northern New 
Brunswick (Young and Noble, 1990b, fig. 6.4). For 
these reasons, we tentatively synonymize Mcleodea with 
Propora. 

Young and Noble (1990b, pp. 187, 188) considered 
Rotalites Leleshus (1974, p. 97), from the Upper Si- 


lurian of Tadzhikistan, to be a junior synonym of Pro- 
pora. The dissepiment-like longitudinal folds that oc- 
cur in the walls of Rotalites are, however, very dis- 
tinctive. We recognize it as a separate genus, almost 
certainly derived from Propora. 


Propora thebesensis (Foerste, 1909) 
Plate 1, figures 1-11; Plate 2, figures 1-12; 
Plate 3, figures 1-11; Plate 4, figures 1-10 


Heliolites affinis Billings, 1865, pp. 427, 428 [partim]; 1866, pp. 5, 
6 [partim]. 

Lyellia affinis (Billings, 1865). Lambe, 1899, pp. 84, 85 [partim; non 
pl. 5, figs. 1, la]; Twenhofel, 1928, p. 133 [partim]. 

[?] Propora conferta Milne-Edwards and Haime, 1851. Lindstrém, 
1899, pp. 93, 94 [partim], pl. 9, figs. 11, 12 [non pl. 8, figs. 32- 
39, pl. 9, figs. 1-10, 13-23]; Bolton, 1980, p. 20, pl. 2.4, figs. 1- 
3595 LON ply 2:5s figs: 

Lyellia thebesensis Foerste, 1909, p. 95, pl. 4, figs. 69a, 69b; Savage, 
1913, pp. 66, 67, pl. 3, figs. 6, 7; 1917, pp. 116, 117, pl. 5, figs. 
Ose 

[cf] Propora cfr. magnifica Poéta, 1902. Ozaki, 1934, p. 67, pl. 10, 
figs. 9, 10, pl. 11, fig. 1. 

[cf] Propora yabei Ozaki, 1934, pp. 67, 68, pl. 11, figs. 2, 3. 

[cf] Propora conferta var. tunicata Sokolov, 1950b, p. 229, pl. 7, 
fips?) 

[cf] Propora cancellatiformis Sokolov, 1950b, pp. 230, 231, pl. 7, 
figs. 3, 4, pl. 8, figs. 1, 2. 

[?] Lyellia thebesensis paucivesiculosa Bolton, 1957, pp. 64, 65, pl. 
6, figs. 1-7. 

Propora conferta Milne-Edwards and Haime, 1851. Dixon, 1974, 
pp. 570-580, figs. 5, 6, pl. 1, figs. 1-9, pl. 2, figs. 1-9; Bolton, 
198 1a, pl. 1, figs. 6, 7, pl. 2, figs. 6, 7, pl. 3, figs. 1, 2, pl. 8, figs. 
13, 14 [non pl. 9, fig. 1, pl. 11, figs. 1, 2]. 

Propora thebesensis (Foerste, 1909). Elias and Young, 1992, figs. 3c, 
3d; Young and Elias, 1993, pl. 1, figs. 5-10. 


Diagnosis. — Propora with smooth-walled or crenu- 
late tabularia, adult tabularium diameters usually 0.9- 
1.4 mm; tabularium area about 30-70% of corallite 
area. Where present, septa are composed of thickened 
ridges; discrete spines absent. Coenenchymal dissepi- 
ments globose; coenenchyme lacks vertical rods and 
plates. 

Description of coralla.—Coralla are of low and high 
bulbous and domical, and low columnar growth forms 
(Table 14; Pl. 2, fig. 11, Pl. 3, figs. 4, 8). Sizes of coralla 
range from 10-147 mm wide and 11-73 mm high; 
most are small. 

In transverse section, tabularia are smooth-walled 
and subcircular (PI. 2, fig. 8), slightly crenulate (PI. 1, 
fig. 6, Pl. 3, figs. 1, 5, Pl. 4, fig. 4), or with marked 
trabecular thickenings that rarely develop exothecal 
extensions (Pl. 1, figs. 1, 5, 7, Pl. 2, figs. 5, 6). Adult 
tabularia commonly have diameters of 0.9-1.4 mm 
(Table 15). Tabularia are close-spaced to very close- 
spaced; tabularium area is usually 45-65% of corallite 
area (Table 15). Where tabularia are closely spaced, 
tabularium shape may become subpolygonal (PI. 2, fig. 
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Table 14.—Growth forms of coralla by species and collection intervals in the east-central United States. 


bulbo- 


columnar 


species 
section-intervals (n = no. of coralla) 


domico- 
columnar 


growth forms 


high high low low 


bulbous domical bulbous domical tabular 


Propora thebesensis 

23-2 (n = 6) 

31-1 and 31-1b (n = 10) 
14-1 (n = 10) 

15-1 (n = 4) 

16-2 (n = 1) 

other (n = 3) 

all (n = 34) 


Israel 
| 


Sl | 


Propora savagel 
20-1 (n = 1) 
31-1 and 31-1b (n = 2) 
all (n = 3) 


Halysites alexandricus 
23-2 (n = 1) = = 
31-1 and 31-1b (n = 2) — =_ 
37-1 (n => 1) = i, 
all (n = 4) 0 0 


Paleofavosites subelongus 
31-1 and 31-1b (n = 1) — 
14-1 (n = 24) 2. — 
15-1 (n = 4) =_ 

16-1 (n= 1) — 
18-1 and 18-2 (n = 2) — 
32-1z (n = 23) = 
all (n = 55) 2 


Paleofavosites sp. cf. P. subelongus 

32-1c (n = 2) = = 
Paleofavosites adaensis 

35-1 (n = 2) = aa 


Paleofavosites sp. A 
5-2 and 6-1 (n = 3) = = 


1, Pl. 3, figs. 6, 9, Pl. 4, fig. 6); in extreme cases the 
character of growth mimics that of Favosites. In lon- 
gitudinal section, tabularia are straight in the axial part 
of the corallum but are often strongly curved in more 
marginal parts (PI. 2, fig. 9, Pl. 3, fig. 4). In coralla with 
close spacing of tabularia, adjacent individuals may 
have walls in contact for a substantial portion of their 
length (Pl. 3, fig. 10, Pl. 4, fig. 7). 

Walls are thin and smooth, or have slight to pro- 
nounced trabecular thickening at septa. Wall thickness 
is commonly 0.06—0.10 mm (Table 15). Septa are vari- 
ably developed, absent to 12 pronounced thickened 
ridges; trabecular thickening varies cyclomorphically 
(Pl. 1, figs. 5, 10). In transverse section, septal thick- 
ening may be variably developed within a single cor- 
allite (Pl. 2, fig. 6). Septal length is commonly 0-25% 
of tabularium radius (Table 15). Discrete septal spines 
are absent; small ragged extensions are very rarely pres- 
ent at inner edges of trabeculae. 


[Roa 
| 
| 


ce 
Garon 
| 


loo | 


Tabulae are of moderate thickness; flat, wavy, or 
slightly convex or concave (Pl. 2, figs. 4, 9); rarely 
strongly concave or V-shaped (PI. 1, fig. 2). Tabulae 
are usually complete (PI. 4, fig. 7), rarely incomplete 
(Pl. 4, fig. 8). Tabulae are widely spaced (PI. 2, fig. 9, 
Pl. 3, fig. 10), averaging about eight in 5 mm (Table 
15); rarely closely spaced (PI. 1, fig. 11). Spacing and 
thickening of tabulae show only slight cyclomorphic 
variation, even where thickening of septal trabeculae 
is extremely variable. 

In longitudinal section, coenenchyme is composed 
of moderately widely spaced, globose dissepiments, av- 
eraging about 15 in 5 mm; about twice as many dis- 
sepiments as corallite tabulae per unit of vertical dis- 
tance (Table 15). Dissepiments are thin, but are slightly 
thickened near corallite walls; they may show slight 
cyclomorphic thickening (Pl. 1, fig. 2). Dissepiments 
are usually regularly arranged, but may be irregular in 
some parts of a corallum. Where tabularia are very 


47 


YOUNG AND ELIAS 


ORDOVICIAN-SILURIAN COLONIAL CORALS 


= I I I I I I I I I porpnis eI]e109 JO ‘ou 


= = 6LI TSI = €'¢ = = = Oe! *a‘o Auojoor.nuI 
= 7 Lal €l = wu ¢/1'0 = = =_ Wu QOT'¢ Wwinwiixeul 
= zs 8 Or = wu ¢71'0 a = - WU ¢g"| uwimuituru 
= Stl 901 (Ga) | %BL wu OpT'0 070 ZU P87 cI /1"¢ wu 9¢°7 urow 
V ‘ds piodoug 
I I I I if I I I I I Perpnys e[[e109 jo ‘ou 
= = [ERS OLI = Call = = = g°9 “A‘o Auopoor.Uul 
wu ¢°¢ = 8I SI = wu (OT'O = = = WU O¢'| UWINUWITXeur 
WU [‘Z — II 8 — wut ¢70'0 = = = WU Cg'~ wmnwituruw 
WU Q"p 820 Sl SOI %CTI wut 90° 8£°0 cUIU 8° zUIW 80'T wut /1'T uvoul 
siulfo ‘q ‘ye ds niododg 
= £ 14 £ £ ¢ , P ¢ ¢ PoIpnis e]]e109 JO ‘ou 
a = Lil 91 me L6l a = = 98 ‘A‘O AuOjoOoRUT UROW 
= =. tI L = wu QO¢'O = = - WU 06'7 winwixeul 
= = i b — wu C710 = = — WU ¢/"] uunuwTuru 
= c'°8 STI £6 9ST 68 6Tl 66 06 vy suBau AUOJOD JO *A‘d 
= $00 I'l 0) %O0I mu 610'0 0'0 cWU ¢¢"| WU pp’) wu [10 SuBaU AUO[OD JO “p's 
= 790-450 £ 0I-8L 8'°S-8'P %SL-9S WUISTTO-I8I0 LE O-L7O WW 8/'OI-OF'E] WU pE'S-OE'p WW O9'7-pE'7Z suvou Auojod Jo adues 
= 6¢°0 88 ps %b9 wu €77°0 1¢°0 cUIW 7¢"S zl / 8°p WU 6p°7 ueou 
psoigads vsodoig 
= iS S Ol 8 ¢ II IT SI SI Polpmis e[[e109 Jo ‘ou 
a = (ASI OSI = O17 = = _— 06 “AO AUO[OORIIUT UPJ 
= = £7 tl = ww Q0¢'O = = =- WU (QZ wnUWwIxeul 
= ~ 8 tS = ww 0¢0'0 = = - Wu Cp'(—) win wiruru 
= 6LI 8°67 767 ESS 6 8e 06! STE SEE 6LI suevaul AUOOd JO *A*o 
= 10) 0) 6€ V7 %6 ww ¢90'0 80°0 cWUl 7¢"| zu [/°0 wut 67°0 sueoul AUOIOD JO “p's 
= 69°0-LP'0 £€61-9'°6 yti-'s %Pr-91 WU ECzTO-Ss00 PrS0O-0F0 cWW06'9-SL'I vu EE"E-GL'0 WU 907-860 suvoul Auojoo jo adues 
= 9¢°0 et (Gb %LT tu /91'0 ér'0 zUIU €9'p cw | [7 wut 79°] ueoul 
198DADS DAOdOA 
= LE Le cL c9 8P L9 L9 P8 >8 PsIpNys BI[e109 JO “Ou 
= ae Srl Or! = £77 = = - LO! ‘A‘O AuOjOoRUI UPd 
= = o£ 81 = wu Q¢¢'d = = - WU ¢9"| uwunwirxeur 
= = g € _ wu 0¢S0'0 _ - —_ WU g{°(~ Wn UWTuT uu 
= 917 “Li In K6 a 0°07 Lgl SOI 8°07 L'6 suevaul AUOIOS JO “Ad 
= 110 i 6 Lal %8 wu 910'0 60°0 Wu 1 ¢"0 zu 1 7'0 ww ]1°0 suevoul AUOJOD JO “p's 
= P80-cEO0 SO07-90I E€'EI-'r %8T-0 mu eet O-Ls00 IL 0-S€0 ~-WuWE9'7-S7] WU 29° I-19°O WU Ob 1-880 suvout Auojoo jo adues 


= 1¢'0 Lvl EL %L wu 080'0 ps0 zWU! 88°] WU [Q'T WUl € TT uvoul 


SISUISAGIY] DAOdOAY 


ee ee ae a Se ee ae 2 ee eee 
OL SIG SOL sid SOL ST IM VOD-VOL vo) FOL (OLA ppp 


salads 
Sdajauivivd ; 
ll OI 
“UONRLIRA JO JUDIOYJI09 
= “AO ‘UONRIASP Plepue|s = “p's ‘sajOAd Jo ssauyory] = Dy ‘ww ¢ ul sjusutidassip [euiAyouaus0o jo Jaquinu = Cig ‘Ww ¢ UI ae[NQe) Jo JaquINU = Cn_ ‘vidas Jo yIBUI] = GT 
“ssouyory) [[eEM = [4 ‘ose ay]eIOD = POD ‘vaie wnuenqe) = pv .f ‘JooweIp winuengel = GV “saieig powuy [euso-jseo oy] wos spuodojd 10} elep oLNBWIOIg—"S] IGE 


48 BULLETIN 347 


Text-figure 12.— Transverse sections illustrating astogeny and corallite increase in Propora thebesensis. A, Earliest growth stage of a corallum, 
showing group of similar thick-walled corallites; USNM 485701, Section-interval 23-2 (Lawrence Quarry). B1-B4, Serial sections showing 
corallite increase in axial part of a corallum having broad tabularium spacing; USNM 459087, Section-interval 23-2 (Lawrence Quarry). Cl- 
C5, Serial sections showing corallite increase in axial part of a corallum having close tabularium spacing; USNM 459076, Section-interval 
16-2 (Clinton Spring) (see also PI. 3, figs. 8-11). Corallite walls and septa are solid, tabulae and dissepiments are stippled; scale bar is shown. 
For B and C, heights in mm are above an arbitrary datum within the mature part of each corallum; numbers in italics represent individual 
corallites; an asterisk indicates the first appearance of a particular corallite. 


closely spaced, dissepiments appear as flat, horizontal 
plates (Pl. 3, fig. 7, Pl. 4, figs. 2, 5, 7); where tabularia 
are widely spaced, dissepiments become more broadly 
domed (PI. 1, fig. 2, Pl. 2, fig. 4). In some places the 
outer edges of thickened septal trabeculae appear as 
small nodes or vertical plates on the upper surfaces of 
dissepiments (PI. 1, fig. 2). In transverse section, dis- 
sepiments are thin and sparsely distributed (PI. 1, figs. 
1, 5). Where cyclomorphic variation in thickness of 
elements is pronounced, extreme thickening of septal 
structures may replace the coenenchyme with a dense 
trabecular mass between adjacent tabularia (PI. 1, fig. 
1): 

Astogeny and corallite increase.— Descriptions are 
based principally on two serial-sectioned coralla 
(USNM 459076, 459087) and six serial-sliced coralla 
(USNM 459075, 485701, 485711, 485712, 485741, 
485753). Other specimens are used for comparison. 

The earliest growth stages are recognized in three 
coralla. In each of these, the protocorallite cannot be 
distinguished. Rather, a small group of up to 10 sim- 
ilar, closely spaced corallites occurs at the absolute base 


of the corallum (Text-fig. 12A); these corallites are sub- 
vertical to divergent, arising from a plate-like holothe- 
ca. In two of the three coralla, the holothecae are based 
on tabular stromatoporoids. The character of the initial 
corallites varies between coralla; they can be thin-walled 
or thick-walled, and have pronounced septal trabec- 
ulae (Text-fig. 12A) or are smooth-walled and almost 
aseptate. 

Spacing of tabularia is commonly less dense above 
the basal part of a corallum, but in some specimens it 
remains very dense. Wall thickness within a corallite 
commonly changed during growth; if initial stages are 
thin-walled and aseptate, septal trabeculae may appear 
at 1.5—2.0 mm above the corallite’s base. Cyclomorph- 
ic variation in thickening and spacing of elements is 
generally slight (see Description of coralla, above). In 
many coralla, some corallites extend from the base to 
the upper growth surface. Skeletal elements may be 
thick and densely spaced at the upper surface of a 
corallum, or they may be identical to those occurring 
below. 

Corallite increase is coenenchymal; there are two 
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modes of initiation depending on density of tabularium 
spacing. Where spacing is broad, large tabularia that 
are of nearly adult size were initiated on the upper 
surfaces of coenenchymal dissepiments, with corallite 
walls based directly on the dissepiments (PI. 1, fig. 2, 
Pl. 2, fig. 4). In transverse section, new tabularia ini- 
tiated in such settings are smooth-walled and subcir- 
cular (Text-fig. 12B1-—B4; Pl. 1, fig. 3), or may possess 
large, thick septa before the corallite wall is complete 
(PI. 1, fig. 4). New tabularia in broadly spaced settings 
expanded rapidly (Text-fig. 12B2-B4). 

Where spacing of tabularia is close, small new ta- 
bularia were initiated against the outer walls of older 
individuals only where space permitted (Text-fig. 12C1- 
C5). At the base of each initiate there is a gradual 
transition in character of horizontal elements, from 
coenenchymal dissepiments to tabulae (Pl. 3, figs. 7, 
10, 11, Pl. 4, fig. 7). In transverse section, new tabularia 
in close-spaced settings are smooth-walled or crenulate 
and are subpolygonal, with their sides compressed by 
the walls of adjacent individuals. Initiates in such set- 
tings expanded slowly (Text-fig. 12C2-CS). 

The two modes of initiation can occur in different 
parts ofa single corallum. The boundary between modes 
occurs where tabularium area is about 50-60% of cor- 
allite area. Bursts of increase are sometimes concen- 
trated in skeletal bands showing cyclomorphically close 
vertical spacing of elements. Increase may be common 
up to the very top of a corallum. 

In many coralla there are significant differences be- 
tween the axis (area of vertical and subvertical growth) 
and the margins (area of more lateral growth). Tabulae 
are more broadly spaced in the axis than 1n the margins; 
thickening of elements 1s similar between the two areas, 
and cyclomorphic bands are continuous between the 
two (PI. 3, fig. 8). Tabularia are closer together in the 
axis than in the margins in many coralla. There was 
more increase in the axis, so corallites there tend to 
have slightly smaller mean tabularium diameters. The 
relative dimensions of the axis and margins reflect cor- 
allum growth patterns and the shape of the growth 
surface. Relatively narrow margins are associated with 
more vertical growth that produced tall coralla with 
relatively small growth surfaces (PI. 3, fig. 4). Marginal 
corallites in such coralla were often short-lived. Rel- 
atively wider margins occur in coralla that have broad- 
er growth forms (PI. 3, fig. 8). 

Sediment inclusions representing partial mortality 
of the colony surface occur in many specimens. Above 
these inclusions, new corallites of adult or nearly adult 
size were initiated across the surface of a thin hol- 
othecal layer (Pl. 2, fig. 7). These corallites are sepa- 
rated by coenenchymal dissepiments that are densely 
spaced, but of normal form. Lateral to such an inclu- 


sion, corallites in a cyclomorphically dense band may 
show constriction followed by rejuvenescence (PI. 2, 
fig. 2, Pl. 4, fig. 3). In one corallum, the presence of an 
algal crust on an area of partial mortality suggests that 
this surface was exposed for a significant period of time 
prior to regeneration. Regeneration may be associated 
with a change in growth direction indicative of colony 
reorientation. Coralla were able to successfully sur- 
round and overgrow large particles deposited on their 
growth surfaces (PI. 1, fig. 8). 

Microstructure. —Corallite walls were produced 
principally by the joining together of adjacent septal 
trabeculae. This is most obvious where the trabeculae 
are thickened; the adjacent septal trabeculae common- 
ly have thin connecting walls with which they are con- 
tinuous (PI. 1, fig. 9, Pl. 2, fig. 6). Even where septa 
are absent, the walls appear to be composed of tra- 
beculae. Under polarized light, a line can be observed 
passing through the axes of thickened trabeculae and 
continuing along the wall between septa. Where the 
septal trabeculae are strongly thickened, the axial edges 
of trabeculae may be irregular and ragged, but no dis- 
crete spines are present. The trabeculae of adjacent, 
close-spaced corallites may coalesce without a clearly 
defined suture. Where corallites are closely spaced and 
trabeculae are thickened, pore-like structures may ap- 
pear in the walls (PI. 3, fig. 11). 

Microstructure of tabulae and coenenchymal dis- 
sepiments is generally indistinct; tabulae and dissepi- 
ments are darker in color than the pale trabeculae of 
corallite walls (Pl. 1, fig. 9). Dissepiments are often 
embedded in corallite walls more deeply than are ta- 
bulae, which are attached to adaxial edges of wall tra- 
beculae (PI. 2, fig. 10). 

Intraspecific variation. —Coralla show a high degree 
of variability in a number of morphologic characters, 
including size and spacing of tabularia, and features 
that are related to thickening of skeletal elements. This 
variability is pronounced, both within and between 
coralla and localities. 

Tabularium size-frequency distributions show vari- 
ation within and between coralla. Transverse sections 
from some coralla have low intracorallum variability 
in tabularium diameter; distributions for such speci- 
mens are unimodal, with slight negative skewness (Text- 
fig. 13A, B). Coralla with high intracorallum variability 
in tabularium diameter show two types of tabularium 
size-frequency distributions. Some (e.g., Text-fig. 13C) 
are similar to the distribution seen in less variable 
specimens, but have a larger number of small individ- 
uals. Others show bimodal frequency distributions 
(Text-fig. 13D). Greater variability of tabularium di- 
ameters is most common in coralla with dense tabu- 
larium spacing and subpolygonal tabularia (e.g., Pl. 3, 
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Text-figure 13.—Tabularium size-frequency distributions for selected coralla of Propora thebesensis. A, USNM 485706a, Section-interval 
23-2 (Lawrence Quarry). B, USNM 485756, Section-interval 14-1 (Higginbotham Farm). C, USNM 485739, Section-interval 14-1 (Higgin- 
botham Farm). D, USNM 485716, Section-interval 31-1 (Thebes North). Each graph represents a single transverse section; n = number of 


tabularia, c.v. = coefficient of variation. 


figs. 6, 9); this observation is supported by a graph of 
variability of tabularium diameter versus corallite 
packing for transverse sections from all measured cor- 
alla (Text-fig. 14A). This holds for intervals from which 
large collections were available, such as Section-inter- 
val 23-2 (Lawrence Quarry), and Section-intervals 31-1 
and 31-1b (Thebes North). Specimens from two of the 
small collections, however, are radically different. Cor- 
alla from the Gale Section and from 5 km south of 
Clarksville, Missouri, have wide-spaced tabularia that 
are highly variable in size. Possible reasons for a gen- 
eral correlation between density of corallite packing 
and variability of tabularium diameter are considered 
elsewhere (see Propora thebesensis, p. 35). 

A strong positive correlation is observed in a graph 
of mean tabularium area versus mean corallite area in 
transverse sections (Text-fig. 14B). This relationship is 
not 1:1; rather, as tabularia became larger they also 
tended to become more closely spaced. Specimens from 
each of the localities for which large collections were 


available show considerable variability in these fea- 
tures, but tend to be concentrated in one part or another 
of the graph. There is some evidence that these char- 
acters of size and spacing are tied to colony growth 
form. Those intervals in which tabularia are relatively 
densely spaced, such as Section-intervals 31-1 and 31- 
1b, and Section-interval 14-1 (Higginbotham Farm), 
are the ones in which taller growth forms predominate. 
Where tabularia are broadly spaced (Section-interval 
23-2) lower forms are most common (compare Text- 
figs. 10 and 14B; see Tables 10, 11). The correlation 
between form and packing is less clear on a graph for 
individual coralla (Text-fig. 14C). A general trend can 
be distinguished, but the broad spread of points sug- 
gests that styles of growth varied (see Astogeny and 
corallite increase, above; Growth Form, p. 29; P. the- 
besensis, p. 35). 

Vertical spacings of tabulae and of coenenchymal 
dissepiments show a general linear relationship (Text- 
fig. 14D); these characters also vary with locality and 
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Text-figure 14.—Intercorallum variation in morphologic characters of Propora thebesensis from the east-central United States. A, Relationship 
between coefficient of variation (c.v.) of tabularium diameter and density of tabularium spacing (mean tabularium area as a proportion of 
mean corallite area) for transverse sections from 67 coralla. B, Relationship between mean tabularium area and mean corallite area for 
transverse sections from 69 coralla. C, Relationship between density of tabularium spacing and generalized growth form (corallum width as 
a proportion of corallum height) for 24 coralla. D, Relationship between number of tabulae and number of dissepiments in unit 5 mm for 
longitudinal sections from 37 coralla. E, Relationship between number of tabulae in unit 5 mm and generalized growth form for 28 coralla. 
F, Relationship between length of septa as a percentage of tabularium radius and mean wall thickness for transverse sections from 47 coralla. 
Each data point represents a single thin section; solid lines connect sections from different parts of a single corallum; L = USNM 84863b 
(lectotype). Arbitrary dashed lines in B, D, and F were used to derive proportions shown in Table 11. Terms for corallum growth form in C 
and E are defined in Growth Form under The Edgewood Colonial Corals. Symbols for Sections and Section-intervals: 0 23-2 and 23-2a 
(Lawrence Quarry); + 31-1 and 31-1b (Thebes North); ¥ Gale Section; x 18-3 and 18-4 (Kissenger); 4 5 km south of Clarksville, Missouri; 
V 16-1 and 16-2 (Clinton Spring); © 14-1 (Higginbotham Farm); O 15-1 (Calumet); A 32-1c (Thomson East); @ all other Section-intervals. 


52 

oe 
a Qo 

Oo 
= 
eee oir 2 
wa Oo 
5 a 
E eH we ; ) WW a 
2 , o 
= f my 23 
£ “#8 8 
iB 1+ fi x ' 6 
= vat ee 
f= & 
0.5 4 1 1 
1 3 5 vy 


Corallite Area (mm2) 


Text-figure 15.—Comparison of selected species of Propora: re- 
lationship between mean tabularium area and mean corallite area 
on transverse sections. Data points are for individual coralla except 
as otherwise stated; solid lines connect thin sections from single 
coralla. A dashed line surrounds the field of distribution for 69 coralla 
of P. thebesensis from the east-central United States. Symbols for 
other species: UO P. savagei; east-central United States; n (number of 
coralla) = 11; © Propora sp. aff. P. affinis; east-central United States; 
n = 1; O P. thebesensis paucivesiculosa; Manitoulin Formation, 
southern Ontario; n = 2; VY P. affinis; Gun River Formation, Anticosti 
Island, Québec; GSC 2340, 2340a (one syntype); + P. conferta; Ellis 
Bay Formation, Anticosti Island, Québec; the two data points rep- 
resent means for specimens from Pointe Laframboise (n = 179) and 
all other localities (n = 59) (data from Dixon, 1974, table 3); x P. 
conferta; Grande Coupe beds, Matapédia Group, near Percé, Québec; 

= 3; A Propora sp. A of Bolton (1980); Honorat Group, north of 
Carleton, Québec; n = 1. 


with growth form. Coralla from Section-intervals 31- 
1,31-1b, and 14-1, where tall forms are most common, 
have tabulae and dissepiments with wider vertical 
spacings than do those from Section-interval 23-2, 
where lower forms are dominant (see Tables 10, 11). 
As was the case for packing of tabularia, this correla- 
tion is stronger when examined by locality (Text-fig. 
14D) than when plotted for individual coralla (Text- 
fig. 14E). For further discussion on the relationship 
between growth form and vertical spacing of elements, 
see Growth Rate (p. 31). 

Thickening of walls and development of septa are 
extremely variable (Text-fig. 14F). Skeletal elements 
in coralla from Section-interval 23-2 are commonly 
more strongly thickened than those in specimens from 
other localities. There is overlap, however, and mea- 
surements from different parts of individual specimens 
from Section-interval 23-2 indicate that intracolony 
variation can be nearly as great as the intraspecific 
variability. 

General comparisons of characters at the major lo- 
calities are presented elsewhere (see Propora thebes- 
ensis, p. 35). 
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Discussion. —Foerste (1909) based Lyellia thebes- 
ensis on material collected at Section 31 (Thebes North). 
He illustrated two coralla, which we designate as the 
lectotype (USNM 84863b; see Pl. 3, figs 1, 2) and par- 
alectotype (USNM 8486 3a; see PI. 3, fig. 3) of Propora 
thebesensis. The lectotype is better preserved than are 
most specimens from this locality, and shows a degree 
of cyclomorphic variation that records much of the 
range of intraspecific variability. Most numerical char- 
acters of this specimen are near the species mean: TaD 
= 1.20 mm, CoA = 1.85 mm?, WT = 0.071 mm (thick- 
ened) and 0.058 mm (unthickened), LS = 15% (thick- 
ened) and 0% (unthickened) (compare with Table 15). 

Lyellia thebesensis from the type locality was also 
described and illustrated by Savage (1913, 1917). The 
corallum he photographed (Savage, 1913, pl. 3, fig. 7; 
1917, pl. 5, fig. 7) is apparently lost; the specimen 
labelled as Savage’s hypotype (UI X-908; see PI. 2, figs. 
11, 12) is externally similar but is not identical. Many 
coralla that we have studied from the type locality are 
near one end of the spectrum of variation of P. the- 
besensis (see Intraspecific variation, above), but they 
are clearly conspecific with all other material of this 
species. Two other species included in this study, Pro- 
pora savagei and Propora sp. aff. P. affinis, have some 
close similarities to P. thebesensis (see Text-fig. 15); 
the differences and possible relationships are discussed 
under those two species. 

The only material previously described as P. the- 
besensis from outside the east-central United States is 
from the Manitoulin Formation of the Cataract Group 
in southern Ontario (lower Lower Silurian, Lower 
Llandovery, Rhuddanian; Barnes and Bolton, 1988, p. 
252; Brett et al., 1991, fig. 5). This material was des- 
ignated as Lyellia thebesensis paucivesiculosa by Bolton 
(1957). We examined the following material: ROM 
7490 (Bolton, 1957, pl. 6, fig. 4), 7491(783CL) (ho- 
lotype; Bolton, 1957, pl. 6, figs. 2, 3, 5-7), upper bio- 
hermal beds, ROM 7474a(766CL), 7474b(766CL), 
29542, collected by H. G. Way, Bidwell Township, 
Manitoulin Island, Ontario; GSC 11066 (Bolton, 1957, 
pl. 6, fig. 1), collected by T. E. Bolton in 1950, southeast 
quarry of Owen Sound, Ontario. 

Bolton’s holotype of L. thebesensis paucivesiculosa 
has tabularia with a mean diameter of 1.17 mm, ta- 
bularium area averaging 50% of corallite area, thin 
walls, and small, globose coenenchymal dissepiments. 
These features, and those of most other specimens of 
L. thebesensis paucivesiculosa, are consistent with 
characters of P. thebesensis. One corallum of the for- 
mer (ROM 7474b), however, has slightly larger ta- 
bularia than is common in specimens from the east- 
central United States, and another (GSC 11066) has 
tabularia that are much more widely spaced (Text-fig. 
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15). For these reasons, material from the Manitoulin 
Formation is questionably considered conspecific with 
P. thebesensis, and probably represents a distinct geo- 
graphic subspecies as recognized by Bolton (1957). 

Propora thebesensis is a member of a group of Late 
Ordovician and Early Silurian species belonging to 
Propora that have similar tabularium sizes (typically 
in the range of 1-2 mm), septa that may have trabecular 
thickening but lack spines, and coenenchymes that do 
not have well-developed vertical rods or plates. Other 
members of this group have been commonly assigned 
to Propora affinis and Propora conferta, but the high 
intraspecific variability of P. thebesensis and the other 
taxa makes recognition of species boundaries difficult. 
It is clear that at least some of the differences between 
species are related to stratigraphic position and may 
be due to phyletic evolution, but geographic variation 
may also be a factor; detailed analysis of variation in 
other regions is needed. 

Specimens that are similar to P. thebesensis occur in 
the uppermost Ordovician (Gamachian) to lower Low- 
er Silurian (Llandovery) on Anticosti Island, Québec, 
in units ranging from the Ellis Bay Formation to the 
Chicotte Formation. These proporids have previously 
been assigned to either P. affinis or P. conferta. Propora 
thebesensis is not conspecific with the type material of 
either species, but it is conspecific with some specimens 
from Anticosti that have been assigned to both species 
in the past. The names affinis and conferta have long 
and complex histories, and a brief discussion of each 
is necessary so that species relationships can be put 
into context. 

Heliolites affinis was proposed by Billings (1865) to 
include a variety of material of different ages from 
several parts of Anticosti Island. We examined a syn- 
type (GSC 2340, 2340a) collected by J. Richardson in 
1856 from about 5 km west of the mouth of Jupiter 
River. This specimen is from the Gun River Forma- 
tion (Middle Llandovery, lower Aeronian; Barnes, 
1988, fig. 2) (see Dixon, 1974, p. 578; Bolton, oral 
commun., 1993). It has a tall bulbous growth form, a 
mean tabularium diameter of 1.40 mm (measured on 
external surface), and tabularium area averaging 46% 
of corallite area. These characters are consistent with 
those of P. thebesensis, but this specimen differs from 
the latter species by having a larger mean corallite area 
of 3.33 mm+? (see Text-fig. 15) and it appears to have 
broad coenenchymal dissepiments. Billings (1866) lat- 
er republished his description of this species, and other 
early workers, including Lambe (1899) and Twenhofel 
(1928), used the name affinis and followed his concept 
of it as a widely occurring species on Anticosti. 

Propora conferta was first described, but not illus- 
trated, by Milne-Edwards and Haime (1851, p. 225) 


from Borkholm (probably Upper Ordovician, Ashgill, 
F,,, Porkuni Stage; Twenhofel, 1916, pp. 293, 306: 
Roomusoks, 1960, table 1) and Chavli, Estonia (prob- 
ably not in situ according to Lindstrém, 1899, p. 93). 
The type specimens, as described and illustrated by 
Lindstrém (1899, pp. 93, 94, pl. 8, figs. 32-34, 37-39), 
differ from P. thebesensis by having larger tabularia 
with diameters of about 1.75—2.0 mm, often broad 
coenenchymal dissepiments, and sometimes very 
densely spaced tabulae. Lindstr6m (1899, pp. 93, 94) 
was the first to consider P. affinis to be a junior syn- 
onym of P. conferta. The synonymization of these two 
species has been followed more recently by Dixon 
(1974) and Bolton (198 La). 

The available illustrations and descriptions of P. af- 


finis/conferta from Anticosti Island indicate that the 


older specimens, from the Ellis Bay Formation (Ga- 
machian to possibly Lower Llandovery, lowermost 
Rhuddanian; Melchin ef a/., 1991, p. 1861) and the 
Becscie Formation (Rhuddanian; Barnes, 1988, fig. 2), 
are so similar to P. thebesensis that they must be con- 
sidered conspecific with it; changes in character that 
are apparently evolutionary prevent such an assign- 
ment for material from younger formations. Variation 
in specimens from member 7 at the top of the Ellis 
Bay Formation at a number of localities has been doc- 
umented by Dixon (1974; unit referred to as member 
6 therein). These specimens have a variety of growth 
forms, subcircular tabularia with a mean diameter of 
1.2 mm, variable but generally close tabularium spac- 
ing with tabularium area averaging 52% of corallite 
area, sometimes thickened septal trabeculae, and glo- 
bose coenenchymal dissepiments. Their overall range 
of variation is very similar to that of P. thebesensis 
from the east-central United States (see Text-fig. 15); 
the only difference is that tabularia in the Anticosti 
material are apparently never so densely spaced that 
they become subpolygonal. 

Material identified as P. conferta from the Ellis Bay 
Formation at several localities has also been illustrated 
by Bolton (1981a, pl. 1, figs. 6, 7, pl. 2, figs. 6, 7, pl. 
3, figs. 1, 2); it has characters consistent with those of 
P. thebesensis. The corallum illustrated by Lindstrom 
(1899, pl. 9, figs. 11, 12) from Junction Cliffis probably 
from the lower Ellis Bay Formation (see Barnes et al., 
1981, p. 8); it has somewhat wider spaced tabularia 
and broader coenenchymal dissepiments than is typ- 
ical for P. thebesensis. Specimens from the overlying 
Becscie Formation, as illustrated by Bolton (198 La, pl. 
8, figs. 13, 14), are very similar to P. thebesensis from 
the Keel Formation at Section 23 (Lawrence Quarry) 
(e.g., USNM 458777; Pl. 1, figs. 4-9). Material has also 
been illustrated and described from the younger Gun 
River Formation, Jupiter Formation (upper Aeronian— 
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Telychian) and Chicotte Formation (Upper Llandov- 
ery, Telychian; Barnes, 1988, fig. 2) on Anticosti Is- 
land. This includes a syntype of P. affinis (GSC 2340, 
2340a; see above) and the specimens of Bolton (198 la, 
pl. 9, fig. 1, pl. 11, figs. 1, 2); tabularia are typically 
larger and/or more widely spaced than those of P. the- 
besensis. Intraspecific variation in these younger units 
has not been analyzed in detail, however, and the il- 
lustrated material may not be typical. 

Coralla identified as P. conferta from the Grande 
Coupe beds of the Matapédia Group near Percé, Qué- 
bec (Upper Ordovician, Ashgill, pre-Hirnantian; Les- 
pérance et al., 1987, fig. 4), were described and illus- 
trated by Bolton (1980; White Head Formation there- 
in). We examined the following material: GSC 53528 
(Bolton, 1980, pl. 2.4, fig. 1, pl. 2.5, fig. 7), 53529 
(Bolton, 1980, pl. 2.4, figs. 2, 3), 53530 (Bolton, 1980, 
pl. 2.4, figs. 9, 10), collected by G. W. Sinclair in 1956, 
Grande Coupe, Québec. These hypotypes are very sim- 
ilar to P. thebesensis from the east-central United States. 
They have mean tabularium diameters of 1.12-1.36 
mm, tabularium area averaging 41-56% of corallite 
area, thin walls, flat or slightly concave tabulae, and 
globose coenenchymal dissepiments. Nevertheless, 
since one of them has much more widely spaced ta- 
bularia than do specimens of P. thebesensis with com- 
parable tabularium areas (Text-fig. 15), we consider 
them to be questionably conspecific with the latter. As 
they may be somewhat older than the United States 
material, they may represent a stratigraphically distinct 
subspecies. Bolton (1980, p. 14, pl. 2.2, figs. 1, 2) also 
described and illustrated a specimen identified as Pro- 
pora sp. A, from the Upper Ordovician Honorat Group 
north of Carleton, Québec. We examined this coral- 
lum, collected by J. E. Béland and W. H. Poole in 1979 
(GSC 53514). It is similar to P. thebesensis, having 
circular tabularia with a mean diameter of 1.27 mm, 
tabularium area averaging 38% of corallite area, and 
walls that appear to be of moderate thickness. Its poor 
preservation, however, makes detailed comparisons 
impossible. 

Corals from two other areas of North America are 
similar to P. thebesensis. Stearn (1956, p. 72, pl. 6, fig. 
3) identified Lyellia affinis from the Fisher Branch, East 
Arm, Cedar Lake, and possibly Atikameg formations 
of southern Manitoba (lower—upper Lower Silurian, 
upper Rhuddanian—Lower Wenlock; Johnson and Les- 
cinsky, 1986, fig. 6). He described it as having generally 
smooth-walled tabularia with diameters (outside?) of 
about 1.5 mm; tabularia are in contact or separated by 
distances up to one-half their diameter. The only il- 
lustration of this material is an external view of a cor- 
allum, so it is difficult to determine more details. Laub 
(1979, pp. 332-343, pl. 34, figs. 2, 4) described a coral 


occurring in the mid-Llandovery Brassfield Formation 
of Ohio as P. conferta. It has tabularia with diameters 
(outside?) of 1.0—1.5 mm and some trabecular thick- 
ening of walls, but differs from P. thebesensis by pos- 
sessing much broader coenenchymal dissepiments and 
having wider spacing of tabularia in some cases. 
Sokolov (1950b) described and illustrated two spe- 
cies from the Lower Silurian of Tunguska, Siberia, that 
may be conspecific with P. thebesensis. Propora con- 


ferta var. tunicata and Propora cancellatiformis both 


have circular, close-spaced tabularia with diameters 
(outside?) of about 1.0-1.4 mm, and globose coenen- 
chymal dissepiments. Sokolov (1950b) also described 
P. conferta from the Llandovery—Wenlock (?) of the 
same region. It is similar to P. thebesensis, but has 
tabularia with larger diameters (outside?) of 1.6—-1.7 
mm and apparently broad spacing. 

Propora thebesensis may also be conspecific with 
Propora cfr. magnifica and Propora yabei, both doc- 
umented by Ozaki (1934) from the Ken-niho Con- 
glomerate of northwest Korea (“Gotlandian”’ accord- 
ing to Shimizu et a/., 1934, pp. 59, 60, 82; possibly 
Llandovery). These taxa have smooth-walled, close- 
spaced tabularia with diameters (outside?) of about 1.3 
mm (size for P. yabei based on photographs), and glo- 
bose coenenchymal dissepiments. 

Propora multispinosa Lin and Chow (1977, pp. 182, 
183, fig. 22, pl. 53, figs. la-d), from the Ashgill of 
Chekiang and Kiangsi provinces in China, has cren- 
ulate, moderately thick-walled tabularia with diame- 
ters of about 1.0-1.2 mm. It differs from P. thebesensis 
by having broader coenenchymal dissepiments and, 
apparently, some septal spines. 

Among European species, P. thebesensis is similar 
to the following: Propora cancellata Lindstrém (1899, 
p. 95, pl. 9, figs. 27-30), from Borkholm, Estonia (prob- 
ably Ashgill, F,,, Porkuni Stage; Twenhofel, 1916, pp. 
293, 306; ROGmusoks, 1960, table 1); P. conferta as 
discussed and illustrated by Lindstr6m (1899, p. 94, 
pl. 9, figs. 16-22) from Dalarna (Dalecarlia in Lind- 
stro6m), Sweden (Leptaena limestone or brachiopod 
schists of Lindstrém: probably Ashgill; Jaanusson, 
1963, table 2); and P. affinis as described and illustrated 
by Kiaer (1930, p. 67, pl. 4, fig. 6, pl. 5, figs. 4, 5) from 
Stord, Norway (possibly Upper Ordovician). Propora 
cancellata is similar to P. thebesensis in its smooth- 
walled, moderately close-spaced tabularia with diam- 
eters of about 1 mm, but has very long, platy exothecal 
projections that make parts of its coenenchyme look 
similar to that of Plasmopora. Lindstrém’s P. conferta 
and Kiaer’s P. affinis resemble P. thebesensis by having 
smooth-walled or slightly crenulate tabularia, the for- 
mer with diameters of about 1.0—1.5 mm and the latter 
with diameters of 1.1—-1.3 mm (outside?), but have 


ORDOVICIAN-SILURIAN COLONIAL CORALS: YOUNG AND ELIAS 55 


wider tabularium spacing and broad, gently curved 
coenenchymal dissepiments. 

Propora thebesensis and its probable relatives P. af- 
finis and P. conferta bear some strong similarities to 
two important younger species, Propora exigua (Bill- 
ings) and Propora tubulata (Lonsdale). Propora exigua, 
which was recently described and discussed by Scrut- 
ton and McCurry (1987, p. 61, figs. 2d, 2e) and by 
Young and Noble (1990b, pp. 191, 193, table 2, figs. 
2, 5.6-5.11, 6.1), is characteristic of the Telychian in 
northern Europe and eastern North America. It differs 
from members of the thebesensis group by having sig- 
nificantly smaller tabularia (diameters of 0.4—0.9 mm) 
that are much more broadly spaced, but is otherwise 
very similar to these species and is almost certainly 
descended from one of them. Propora tubulata is wide- 
spread in Europe and eastern North America, from the 
lower Lower Silurian (Upper Llandovery) to the lower 
Upper Silurian (Ludlow) (see Young and Noble, 1990b, 
pp. 188, 190, 191, table 1, figs. 2, 5.1-5.6; Scrutton, 
1993). It is distinguished from P. thebesensis by its 
thick, commonly abundant septal spines. Its characters 
also suggest descent from a member of the thebesensis 
group. 

Occurrences.—Uppermost Ordovician (Gamachi- 
an): lower Keel Formation, south-central Oklahoma; 
Leemon Formation, southern Illinois. Uppermost Or- 
dovician (Gamachian) to lowermost Silurian (?; Lower 
Llandovery?, lower Rhuddanian?): Cyrene Formation, 
northeastern Missouri. Uppermost Ordovician (?; Ga- 
machian?) to lowermost Silurian (Lower Llandovery, 
lower Rhuddanian): Wilhelmi Formation, northeast- 
ern Illinois. Uppermost Ordovician (?; Gamachian?) 
to lower Lower Silurian (Lower Llandovery, upper 
Rhuddanian): lower and upper Mosalem Formation, 
northwestern Illinois. Lowermost Silurian (?; Lower 
Llandovery?, lower Rhuddanian?): Kissenger Lime- 
stone Member, Bryant Knob Formation, northeastern 
Missouri. 

Uppermost Ordovician (Gamachian) to lower Low- 
er Silurian (Lower Llandovery, Rhuddanian): Ellis Bay 
and Becscie formations, Anticosti Island, Québec. Pos- 
sibly in Upper Ordovician (Ashgill, pre-Hirnantian): 
Grande Coupe beds, Matapédia Group, near Percé, 
Québec. Possibly in lower Lower Silurian (Lower Llan- 
dovery, Rhuddanian): Manitoulin Formation, Mani- 
toulin Island and Owen Sound area, Ontario. 

Lectotype. —Designated here: USNM 84863b 
(Foerste, 1909, pl. 4, fig. 69b; Pl. 3, figs. 1, 2), collected 
by A. F. Foerste (labelled “Lyellia thebesensis, Brass- 
field [Formation], 1 mi. N. of Thebes”), Leemon For- 
mation, Section 31 (Thebes North), Alexander County, 
Illinois. 

Paralectotype.— Designated here: USNM 84863a 


(Foerste, 1909, pl. 4, fig. 69a; Pl. 3, fig. 3), collected 
by A. F. Foerste (labelled “‘Lyellia thebesensis, Brass- 
field [Formation], 1 mi. N. of Thebes’’), Leemon For- 
mation, Section 31 (Thebes North), Alexander County, 
Illinois. 

Other material described above.—87 specimens: 
USNM 459087, 485700, site 231, USNM 485701- 
485703, site 2311, USNM 458777, 459075, 485704, 
485705, 485706a, 485706b, site 23111, interval 23-2 
(Brevilamnulella beds), USNM 485707-485709, site 
231, interval 23-2a, Keel Formation, Section 23 (Law- 
rence Quarry), Pontotoc County, Oklahoma; UI X-908, 
C-1437d, collected by T. E. Savage (labelled ““Lyellia 
thebesensis, Edgewood [Formation], near Thebes’’), UI 
C-3085a, collected by T. E. Savage (labelled “Lyellia 
thebesensis, Edgewood [Formation], Thebes”), USNM 
459083, 485710-485718, interval 31-1, USNM 
485719-485721, interval 31-1b, Leemon Formation, 
Section 31 (Thebes North), Alexander County, Illinois; 
UI C-1358, collected by T. E. Savage (labelled ‘‘Fa- 
vosites cf. venustus with Heliolites, Sexton Creek [Lime- 
stone], Alexander Co.,” but lithology and coral are 
characteristic of Leemon Formation at Section 31), 
probably Leemon Formation, Section 31 (Thebes 
North), Alexander County, Illinois; UI C-880, C-886a, 
collected by T. E. Savage (labelled “Lyellia thebesensis, 
Edgewood [Formation], near Gale’’), Leemon For- 
mation, Gale Section, Alexander County, Illinois; 
USNM 485722, 485723a, 485723b, 485724, interval 
18-3, USNM 459084, interval 18-4, Kissenger Lime- 
stone Member, Bryant Knob Formation, Section 18 
(Kissenger), Pike County, Missouri; UI C-1462a, 
C-1462c, collected by T. E. Savage (labelled “Lyellia 
thebesensis, Edgewood [Formation], 3 mi. S. Clarks- 
ville’), UI C-1466b, collected by T. E. Savage (labelled 
‘“*Favosites subelongus, Edgewood Ls., 3 mi. S. Clarks- 
ville’), Bryant Knob Formation, 5 km south of Clarks- 
ville, Pike County, Missouri; USNM 459077, interval 
16-1, USNM 459076, 485725, 485726, interval 16-2, 
Kissenger Limestone Member, Bryant Knob Forma- 
tion, Section 16 (Clinton Spring), Pike County, Mis- 
sourl, USNM 485727a, 485728-485738, interval 15- 
1, Kissenger Limestone Member, Bryant Knob For- 
mation, Section 15 (Calumet), Pike County, Missouri; 
USNM 485739-485757, interval 14-1, Kissenger 
Limestone Member, Bryant Knob Formation, Section 
14 (Higginbotham Farm), Pike County, Missouri; UI 
C-865a, C-865c, C-865d, C-865f, collected by T. E. 
Savage (labelled ““Lyellia thebesensis, Edgewood [For- 
mation], Edgewood’’), Cyrene Formation, near Edge- 
wood, Pike County, Missouri; UI C-1590, collected by 
T. E. Savage (labelled ‘‘Lyellia thebesensis, 1 mi. below 
Channahon ls. otc.’’), Wilhelmi Formation, 3.2 km 
south of Channahon, Will County, Illinois; USNM 
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485758, interval 32-1z, USNM 485759-485763, in- 
terval 32-lc, Mosalem Formation, Section 32 (Thom- 
son East), Carroll County, Illinois. 


Propora savagei, new species 
Plate 5, figures 1-10; Plate 6, figures 1-4 


Derivation of name.—The species name honors T. 
E. Savage, who did important early work on the up- 
permost Ordovician and lowermost Silurian in the east- 
central United States, and who collected many of the 
specimens described here. 

Diagnosis. — Propora with crenulate tabularia having 
pronounced exothecal projections; adult tabularium 
diameter usually 1.0-2.0 mm, tabularium area about 
30-50% of corallite area. Septa have thickened bases 
and spinose adaxial extensions; other distinct trabec- 
ulae commonly occur between septal trabeculae in 
walls. Coenenchymal dissepiments broad. 

Description of coralla. —Coralla are most commonly 
of high bulbous growth form, rarely low bulbous or 
columnar (Table 14). Most are very small; measured 
specimens are 10-19 mm wide and 11-19 mm high. 

In transverse section, tabularia are usually crenulate 
(Pl. 5, figs. 5, 9, Pl. 6, fig. 1), rarely smooth-walled (PI. 
5, fig. 8); pronounced exothecal projections are com- 
mon (PI. 5, figs. 7, 9). Adult tabularia commonly have 
diameters of 1.0-2.0 mm (Table 15). Tabularia are 
closely spaced, tabularium area is usually 30-50% of 
corallite area (Table 15); spacing is rarely so close that 
tabularia are compressed into subpolygonal shapes. In 
longitudinal section, tabularia are generally straight or 
gently curved, more strongly curved in lateral parts of 
each corallum (PI. 6, fig. 2). 

Corallite walls are thick, commonly 0.10-0.20 mm 
(Table 15). Walls are slightly thickened at septa in some 
specimens. Trabeculae from which pointed or ragged 
exothecal projections are developed occur at or be- 
tween septa (Pl. 5, fig. 7, Pl. 6, fig. 3). Septa number 
12, with basal ridges having variably developed, up- 
wardly directed spines. Spines may be thick and square- 
ended (PI. 5, fig. 5), slender (PI. 6, figs. 3, 4), or slightly 
ragged (Pl. 5, fig. 3). Septal length is usually 20-30% 
of tabularium radius (Table 15). In a few coralla, septal 
spines are rare (PI. 5, figs. 7, 9, 10). 

Tabulae are of medium thickness, flat, slightly to 
strongly concave (PI. 5, fig. 2) or slightly convex. They 
are usually complete (PI. 5, figs. 4, 10), but are rarely 
incomplete (Pl. 6, fig. 2). Tabulae are usually wide- 
spaced, averaging about seven in 5 mm (Table 15); 
dense spacing is rare (Pl. 5, fig. 2). Tabular spacing 
shows cyclomorphic variation in some cases (PI. 6, fig. 
2). A single tabula may have variable thickness be- 
tween axial and lateral parts; spines rarely project from 
the upper surfaces of thickened tabulae (PI. 5, fig. 6). 


In longitudinal section, coenenchyme is usually 
composed of broad, flattened dissepiments (PI. 5, figs. 
4, 10), averaging about 13 in 5 mm (Table 15). Dis- 
sepiments are about twice as numerous as corallite 
tabulae in a unit of vertical distance (Table 15). Dis- 
sepiments are extremely broad in some coralla (Pl. 5, 
fig. 10), but where tabularia are closer together, dis- 
sepiments are more globose or appear as flat plates. 
Coenenchymal thickening is variable; dissepiments are 
more commonly thickened near corallite walls, but 
some also show a degree of cyclomorphic thickening 
(PI. 6, fig. 2). Dissepiments commonly bear short, node- 
like structures on their upper surfaces (PI. 5, figs. 4, 6, 
10). These structures usually consist of the outer parts 
of exothecal wall projections, but in some coralla rare 
vertical rods or spines occur in the coenenchyme (PI. 
5, fig. 10). Dissepiments appear as sparsely distributed 
plates in transverse section. 

Astogeny and corallite increase.—A single, serial- 
sectioned corallum (USNM 485766) is the basis for 
detailed observation. Other specimens are used for 
comparison. 

The absolute base of the corallum is unknown. Close 
to the base, thick-walled corallites occur in a small 
group, with moderately close spacing. During subse- 
quent growth, this group of axial corallites became 
slightly wider-spaced. There is some vertical variation 
in spacing and thickening of elements with height in 
the corallum, but these characters do not change in any 
consistent way in the transition from basal to subse- 
quent growth. There is no evidence that growth pat- 
terns changed near the end of each colony’s life. Cor- 
allites commonly extend through much of the height 
of a corallum. 

Corallite increase is coenenchymal. In most exam- 
ples, tabularia that are of nearly adult size were initi- 
ated on the upper surfaces of flattened coenenchymal 
dissepiments (Text-fig. 16A, B; Pl. 5, figs. 6, 10, Pl. 6, 
fig. 2). These new tabularia expanded rapidly (Text- 
fig. 16B—D). In transverse section, new tabularia ini- 
tiated in such settings are not easily distinguished from 
adult tabularia. Corallite initiation between more 
densely spaced adult tabularia is much rarer than in 
Propora thebesensis (see Astogeny and corallite increase 
under Propora thebesensis, p. 49). In such cases the 
base of each initiate shows a gradual transition in char- 
acter of horizontal elements, from coenenchymal dis- 
sepiments to tabulae. New tabularia in close-spaced 
settings expanded more slowly and may be subpoly- 
gonal in transverse section. Most increase was spread 
through the vertical growth of the corallum, but bursts 
of concentrated increase do occur in certain horizontal 
bands. 

Growth of most coralla was largely vertical. Corallite 
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Text-figure 16.—A-D, Serial transverse sections illustrating corallite increase in a corallum of Propora savagei; USNM 485766 (paratype), 
Section-interval 20-6 (Short Farm) (see also PI. 5, figs. 7-10). Corallite walls and septa are solid, tabulae and dissepiments are stippled; scale 
bar is shown. Heights in mm are above an arbitrary datum within a mature, axial part of the corallum; numbers in italics represent individual 
corallites; the asterisk beside 6 in B indicates the first appearance of that corallite. 


divergence in such coralla is slight, but spacing of cor- 
allites is somewhat denser in the corallum axis than in 
the margins. Vertical spacing of tabulae is broader in 
the axis than the margins (PI. 6, fig. 2). Cyclomorphic 
variation in thickening of elements is subtle, but bands 
appear to extend across the entire corallum. 

Areas representing partial mortality of the growth 
surface occur in some coralla. New corallites of nearly 
adult size were initiated across the upper surface of a 
thin holotheca occurring above such an area. Corallites 
immediately lateral to areas of partial mortality some- 
times show marked constriction followed by rejuve- 
nation (Pl. 5, fig. 6). Regeneration is sometimes as- 
sociated with a changed direction of growth indicative 
of reorientation during colony growth. 

Microstructure. —Corallite walls are trabecular; a 
trabecula occurs at the base of each septum, but in 
most corallites other trabeculae between these give the 
walls their thickened appearance (PI. 5, fig. 7). In some 
corallite walls, a total of 19 or 20 trabeculae can be 
recognized in transverse section. Exothecal projections 
may be developed from all trabeculae in a wall, and 
thus occur both at and between septa (Pl. 5, fig. 9). 
Tabulae are embedded in adaxial edges of wall tra- 
beculae, while coenenchymal dissepiments are embed- 
ded deeper in the wall (PI. 5, fig. 3). 

Intraspecific variation. —Since relatively few coralla 
are known, many aspects of intraspecific variation can- 
not be analyzed in detail. The frequency distribution 
of tabularium size for one corallum is close to a normal 
distribution, but with slight negative skewness (Text- 
fig. 17A). Tabularium area and corallite area show a 
strong positive correlation (Text-fig. 17B). There seem 
to be distinctions among localities for these characters, 
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Text-figure 17.—Intraspecific variation in Propora savagei. A, Ta- 
bularium size-frequency distribution for a transverse section; USNM 
485766 (paratype), Section-interval 20-6 (Short Farm). n = number 
of tabularia, c.v. = coefficient of variation. B, Relationship between 
mean tabularium area and mean corallite area for transverse sections; 
H = UI X-8722 (holotype). Symbols for Section-intervals: 0) 23-3 
(Lawrence Quarry); n (number of coralla) = 2; + 31-1 and 31-1b 
(Thebes North); n = 6; A 20-1 and 20-6 (Short Farm); n = 3; © 
14-1 (Higginbotham Farm); n = 1. 
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but because most coralla are small, absolute measure- 
ments of size and spacing of internal features should 
be interpreted with some caution. In relative terms, 
the two coralla from the Keel odlite in Section-interval 
23-3 (Lawrence Quarry) have more closely spaced ta- 
bularia than do those from other localities, such as 
Section-intervals 31-1 (Thebes North) and 20-6 (Short 
Farm). 

Morphologic characters of this species generally show 
little or no variation between most localities; these 
features include tabularium diameter, form of septa, 
appearance of coenenchymal dissepiments and tabu- 
lae, and patterns of thickening of elements. The only 
important differences are those between the three spec- 
imens from Section 20 (Short Farm) and coralla from 
all other localities (see Discussion, below). 

Discussion. — These coralla are assigned to a new spe- 
cies, Propora savagei. This species has close affinities 
with Propora thebesensis, but 1s recognized as distinct 
on the basis of its usually larger and more widely spaced 
tabularia (Text-fig. 15), thicker walls, broad and flat- 
tened coenenchymal dissepiments, and common oc- 
currence of thickened wall trabeculae between septa. 
It probably evolved from P. thebesensis, or from a 
closely related older coral such as Propora conferta as 
described and illustrated by Bolton (1980, p. 20, pl. 
2.4, figs. 1-3, 9, 10, pl. 2.5, fig. 7) from the Grande 
Coupe beds of the Matapédia Group near Percé, Qué- 
bec (Upper Ordovician, Ashgill, pre-Hirnantian; Les- 
pérance et al., 1987, fig. 4) (see Discussion under P. 
thebesensis, p. 54). 

A few coralla from Section 20 (Short Farm) are es- 
pecially similar to P. thebesensis in several characters, 
including tabularium diameter, form of coenenchyme, 
and thickening of corallite walls. These are among the 
oldest specimens of P. savagei, and may have belonged 
to a transitional population. Propora savagei occurs 
only in the east-central United States and is not known 
from north of northeastern Missouri. It is generally 
found in strata that were probably deposited under 
high-energy conditions, such as Section-intervals 23-3 
(Lawrence Quarry), 31-1 (Thebes North), and 14-1 
(Higginbotham Farm). This species may thus represent 
a specialized local variant belonging to the thebesensis 
group. Propora savagei was referred to as Propora n. 
sp. aff. P. thebesensis by Elias and Young (1992, fig. 2, 
tables 1, 2). 

Propora savagei is somewhat similar to Propora spe- 
closa, which is also found in uppermost Ordovician to 
lowermost Silurian rocks of the east-central United 
States. Propora speciosa, however, has much larger ta- 
bularia (diameters commonly 2—3 mm), common or 
abundant rods in the coenenchyme, and longer, thick- 
er, more abundant septal spines (PI. 6, figs. 5-10, PI. 


7, figs. 1-8; see under P. speciosa, p. 59). Propora sp. 
aff. P. speciosa of Bolton (198 1a, pl. 11, figs. 3, 4), from 
the Jupiter Formation on Anticosti Island, Québec 
(lower Lower Silurian, Middle—Upper Llandovery, up- 
per Aeronian—Telychian; Barnes, 1988, fig. 2), has ta- 
bularia that are just slightly larger than those of P. 
savagel. It is differentiated from the latter by its irreg- 
ular and incomplete tabulae that often have their upper 
surfaces covered with small spinules, and by its weaker 
septal thickenings and apparent lack of septal spines. 

Occurrences.—Uppermost Ordovician (Gamachi- 
an): lower Keel Formation, south-central Oklahoma; 
Leemon Formation, southern I/linois and southeastern 
Missouri. Uppermost Ordovician (Gamachian) to low- 
ermost Silurian (?; Lower Llandovery?, lower Rhud- 
danian?): Cyrene Formation, northeastern Missouri. 
Lowermost Silurian (?; Lower Llandovery?, lower 
Rhuddanian?): Kissenger Limestone Member, Bryant 
Knob Formation, northeastern Missouri. 

Holotype.—UI1 X-8722 (PI. 5, figs. 5, 6), collected 
by T. E. Savage (labelled “Lyellia thebesensis, Edge- 
wood [Formation], Thebes, Illinois”), Leemon For- 
mation, Section 31 (Thebes North), Alexander County, 
Illinois. 

Paratypes.—Three specimens: USNM 485764 (PI. 
5, figs. 1-3), site 2311, interval 23-3, Keel Formation, 
Section 23 (Lawrence Quarry), Pontotoc County, Okla- 
homa; USNM 485765 (PI. 6, figs. 1, 2), interval 20-1, 
USNM 485766 (PI. 5, figs. 7-10), interval 20-6, Lee- 
mon Formation, Section 20 (Short Farm), Cape Gi- 
rardeau County, Missouri. 

Other material described above.—\2 specimens: 
USNM 485767, 485768, site 231, interval 23-3, Keel 
Formation, Section 23 (Lawrence Quarry), Pontotoc 
County, Oklahoma; UI C-1437b, C-1437c, collected 
by T. E. Savage (labelled “Lyellia thebesensis, Edge- 
wood [Formation], near Thebes”), USNM 485769, 
485770a, 485771, 485772, interval 31-1, USNM 
485773, interval 31-1b, Leemon Formation, Section 
31 (Thebes North), Alexander County, Illinois, USNM 
485774, interval 20-6, Leemon Formation, Section 20 
(Short Farm), Cape Girardeau County, Missouri; 
USNM 485775, interval 14-1, Kissenger Limestone 
Member, Bryant Knob Formation, Section 14 (Hig- 
ginbotham Farm), Pike County, Missouri; UI C-865e, 
collected by T. E. Savage (labelled ‘“‘Lye/lia thebesensis, 
Edgewood [Formation], Edgewood’’), Cyrene Forma- 
tion, near Edgewood, Pike County, Missouri. 


Propora speciosa (Billings, 1865) 
Plate 6, figures 5-10; Plate 7, figures 1-8 
Heliolites speciosus Billings, 1865, pp. 426, 427; 1866, pp. 30, 31, 


fig. 13. 
Propora speciosa (Billings, 1865). Lindstrém, 1899, pp. 95, 96 [par- 
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tim], pl. 9, figs. 40-42 [non pl. 9, figs. 43-46, pl. 10, figs. 1-5]; 
Dixon, 1974, pp. 580-583, figs. 7, 8, pl. 3, figs. 1-10; Bolton, 
1981a, pl. 2, fig. 5. 

Propora (Pinacopora) girvanensis (Nicholson and Etheridge, 1880). 
Lindstrém, 1899, pl. 9, figs. 36-39. 

Pinacopora grayi Nicholson and Etheridge, 1878. Lindstrom, 1899, 
p. 99. 

Lyellia americana Milne-Edwards and Haime, 1851. Lambe, 1899, 
pp. 85, 86 [partim; non pl. 5, figs. 2, 2a]. 

Calvinia edgewoodensis Savage, 1913, p. 66, pl. 12, figs. 15-17; 1917, 
p. 116, pl. 4, figs. 15-17. 

Cavella edgewoodensis (Savage, 1913). Stechow, 1922, pp. 152, 153. 

Lyellia speciosa (Billings, 1865). Twenhofel, 1928, p. 135. 

[cf] Propora magna Sokolov, 1955, pl. 78, figs. 1, 2; 1962, pl. 5, 
figs. 2a, 2b. 

[?] Propora speciosa (Billings, 1865). Bolton, 1980, p. 20, pl. 2.5, 
figs. 1, 3, 6; Bondarenko and Minzhin, 1981, pp. 7-12, figs. 1-3, 
pl. 1, figs. 1-4, pl. 2, figs. 1-4. 


Diagnosis. —Propora with crenulate tabularia; adult 
tabularium diameters about 2-3 mm, tabularium areas 
about 25-50% of corallite areas. Thickened septal bas- 
es commonly bear thick spines; distinct trabeculae 
commonly occur between septal trabeculae in corallite 
walls. Thick trabecular rods pass vertically through 
small, globose coenenchymal dissepiments. 

Description of coralla.—Growth form can be deter- 
mined for only two specimens. One (UI X-850) is of 
high bulbous form, 76 mm wide and 53 mm high; the 
other (UI C-1438) is high domical, 82 mm wide and 
48 mm high. 

In transverse section, tabularia are circular or sub- 
circular, and markedly crenulate in outline (PI. 7, figs. 
1, 8); short exothecal projections are rare to common 
(Pl. 7, figs. 1, 3, 7). Adult tabularia commonly have 
diameters of 2.0-2.8 mm (Table 15). Tabularia are 
moderately closely spaced, but walls of adjacent cor- 
allites are never in contact. Tabularium area is usually 
about 30% of corallite area (Table 15). In longitudinal 
section, tabularia are straight or slightly curved. 

Walls are thick, commonly 0.15-0.25 mm (Table 
15), with greater thickening at septal bases. Most thick- 
ening occurs on inner edges of walls. Walls appear to 
be incomplete in places. Septa are often long (PI. 6, fig. 
8, Pl. 7, figs. 1, 3), about 55-75% of tabularium radius 
(Table 15). Thickened septal bases bear thick, common 
to abundant spines that are angled upwards (PI. 6, figs. 
7, 10). Thickening of walls and development of septa 
may both vary cyclomorphically. 

Tabulae are thin, complete or incomplete, and flat, 
wavy, or concave (PI. 6, fig. 10, Pl. 7, fig. 2). They are 
variably spaced, averaging about five in 5 mm (Table 
15). Spacing of tabulae can show distinct cyclomorphic 
variation, but thickness does not seem to vary signif- 
icantly (PI. 7, fig. 2). Pairs of densely spaced and widely 
spaced bands in one measured corallum average 7.3 


mm in thickness. Incomplete tabulae are more com- 
mon in bands where spacing is dense. 

In longitudinal section, coenenchyme is composed 
of small, globose, moderately regular dissepiments. 
Dissepiments are wide-spaced, averaging about nine 
in 5 mm; ratio of corallite tabulae to dissepiments per 
unit of vertical distance is about 0.6 (Table 15). Spacing 
and thickening of dissepiments show some cyclo- 
morphic variation (Pl. 7, fig. 2). Vertical skeletal ele- 
ments are common to abundant in coenenchyme; these 
most commonly take the form of thick trabecular rods 
0.125-0.225 mm in diameter and several mm long. 
These rods are oriented parallel to wall trabeculae and 
pass through coenenchymal dissepiments (PI. 6, fig. 
10, Pl. 7, fig. 5). Vertical elements may also occur as 
small tubercles on the upper surfaces of dissepiments 
(Pl. 7, fig. 2). In transverse section, coenenchymal dis- 
sepiments are thin and sparsely distributed; rods are 
regularly distributed between corallite walls (PI. 7, figs. 
1, 8). 

Astogeny and corallite increase. —The basal parts of 
coralla are unknown. Preservation does not permit 
comparison of axial and marginal parts. 

Corallite increase is coenenchymal. Tabularia that 
are often strongly crenulate and of nearly adult size 
were initiated on the upper surfaces of coenenchymal 
dissepiments (Pl. 6, fig. 10). In some cases, coenen- 
chymal rods occurring below the corallite are extended 
upwards into wall trabeculae (Pl. 6, fig. 10, Pl. 7, fig. 
2). 

A sediment inclusion representing partial colony 
mortality occurs in a single corallum (PI. 6, fig. 9). 
Above the inclusion, new corallites of nearly adult size 
were initiated across the upper surface of a thin hol- 
otheca. Coenenchymal trabeculae also extend upward 
from the holotheca, occurring in a coenenchyme of 
normal appearance. 

Microstructure. —Corallite walls are trabecular; a 
trabecula occurs at the base of each septum, and other 
trabeculae occur in the wall between the septa. Usually 
one or two trabeculae occur between each pair of septal 
trabeculae (PI. 7, figs. 3, 4), but three trabeculae are 
occasionally observed. Walls sometimes appear in- 
complete, with spaces occurring laterally between tra- 
beculae (PI. 7, fig. 7), but this may be a preservational 
feature. Exothecal projections may be developed from 
trabeculae located at any position in the wall. The tra- 
becular rods in the coenenchyme are subcircular or 
irregular in transverse section and are almost radially 
symmetrical (PI. 6, fig. 8, Pl. 7, figs. 3, 8); they are very 
similar in appearance to wall trabeculae. In some plac- 
es the two types merge vertically or laterally, suggesting 
that they are homologous structures (PI. 6, fig. 10, PI. 
7, fig. 2). Thick septal spines extend adaxially from the 
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Text-figure 18.— Relationship between mean tabularium area and 
mean corallite area in Propora speciosa (and probable synonyms) 
from several regions. Each data point represents a single transverse 
thin section, except as otherwise stated; solid lines connect sections 
from different parts ofa single corallum. Symbols for Section-interval 
and other occurrences: + 31-1 (Thebes North); n (number of coralla) 
= 2; W Gale Section; n = 2; O Ellis Bay Formation, Anticosti Island, 
Québec; GSC 2240a (L = lectotype), 2240 (paralectotype); n = 2; @ 
Ellis Bay Formation, Anticosti Island, Québec; mean for 46 coralla 
(data from Dixon, 1974, table 4); x Grande Coupe beds, Matapédia 
Group, near Percé, Québec; n = 2. 


wall trabeculae; they are fibrous and are continuous 
with the fibers of the trabeculae. In some cases septal 
tips are downcurved (PI. 6, fig. 10). Tabulae are em- 
bedded in the innermost edges of wall trabeculae and 
in some cases are suspended from septal spines (PI. 6, 
fig. 10). Coenenchymal dissepiments are embedded 
somewhat deeper in the wall trabeculae (PI. 6, fig. 7). 
Microstructure of tabulae and dissepiments can not be 
determined. 

Intraspecific variation. — The five specimens from the 
east-central United States are remarkably consistent 
with one another in characters that are analyzed nu- 
merically. These include tabularium and corallite ar- 
eas, wall thickness, septal development, and spacing 
of tabulae and dissepiments. On a graph of tabularium 
area versus corallite area (Text-fig. 18), the difference 
in corallite area between sections from a single coral- 
lum (UI C-889a) is almost as great as the overall vari- 
ation for all plotted specimens from the east-central 
United States. Obvious differences in appearance be- 
tween the studied specimens are largely due to varia- 
tion in the degree and pattern of thickening of skeletal 
elements (e.g., compare PI. 6, fig. 10, with PI. 7, fig. 2; 
see Propora speciosa, p. 38). 

Discussion. —Propora speciosa was first described by 
Billings (1865, 1866) from member 2 of the lower part 
of the Ellis Bay Formation on Anticosti Island, Québec 
(uppermost Ordovician, Gamachian; Barnes, 1988, fig. 
2) (see Dixon, 1974, p. 582). We examined Billings’ 
two syntypes of Heliolites speciosus and designate them 


as lectotype (GSC 2240a) and paralectotype (GSC 
2240). Both coralla have crenulate tabularia and their 
coenenchymes possess trabecular rods; the lectotype 
and paralectotype, respectively, have mean tabularium 
diameters of 2.45 mm and 2.27 mm, and tabularium 
areas averaging 32% and 33% of corallite areas (mea- 
surements made on external surfaces). These charac- 
ters are very similar to those for the specimens from 
the east-central United States (see Table 15; Text-fig. 
18); the slightly smaller size of tabularia in GSC 2240 
may be attributed to the small size of this corallum 
(about 27 mm wide, 50 mm high). 

Specimens of P. speciosa from member 7 at the top 
of the Ellis Bay Formation on Anticosti Island (Ga- 
machian to possibly lowermost Silurian, Lower Llan- 
dovery, lowermost Rhuddanian; Melchin ef al., 1991, 
p. 1861) were described and discussed in detail by 
Dixon (1974; unit referred to as member 6 therein). 
They have crenulate tabularia with a mean diameter 
of 2.6 mm, tabularium areas averaging 37% of corallite 
areas, spinose septa, and trabecular rods in their coen- 
enchymes. These features are very similar to those for 
coralla from the east-central United States (see Table 
15; Text-fig. 18); the only discernable difference is that 
the specimens from Anticosti tend to have a lesser 
degree of thickening of skeletal elements. We agree with 
Dixon (1974, p. 583) on the synonymization of other 
Anticosti occurrences of this species. These include the 
material from Junction Cliff (lower Ellis Bay Forma- 
tion) illustrated by Lindstrom (1899) as P. speciosa 
and as Propora (Pinacopora) girvanensis (referred to 
by Lindstr6m in his text as Pinacopora grayi), and 
other specimens from Junction Cliff listed by Lambe 
(1899) in his description of Lye/lia americana. Twen- 
hofel (1928) recognized Lyellia speciosa at several lev- 
els in the Ellis Bay Formation. 

More recently, a corallum of P. speciosa from mem- 
ber 7 of the Ellis Bay Formation was illustrated by 
Bolton (198 1a; member 6 interbiohermal therein). This 
specimen has tabularia with diameters of about 2.5 
mm, globose coenenchymal dissepiments, and sparse 
coenenchymal trabeculae. Bolton’s (198 La, pl. 11, figs. 
3, 4) Propora sp. aff. P. speciosa from the Jupiter For- 
mation (Middle—Upper Llandovery, upper Aeronian— 
Telychian; Barnes, 1988, fig. 2) is distinguished from 
P. speciosa by having irregular or incomplete tabulae 
that bear small spinules on their upper surfaces, and 
by lacking septal spines and possessing slightly smaller 
tabularia. 

The specimens described and illustrated here from 
the east-central United States include the type speci- 
men (UI X-850) of Calvinia edgewoodensis (= Cavella 
edgewoodensis according to Stechow, 1922), which is 
the type species of Calvinia (= Cavella). Savage’s (1913) 
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recognition of Ca/vinia as a new genus was based on 
the misinterpretation of coenenchymal trabeculae as 
cylindrical tubules. Of all the material from the east- 
central United States, the type specimen of C. edge- 
woodensis is the most similar to P. speciosa from An- 
ticosti Island (compare Pl. 7, figs. 1-4, with Dixon, 
1974, figs. 7b, 8). The corallum of P. speciosa from 
Section-interval 32-1c (Thomson East) is geographi- 
cally separated from, and is younger than, the four 
specimens from southern Illinois. Nevertheless, it is 
similar to them and has numerical characters that are 
mostly close to the species means (biometric data for 
USNM 485776: TaD = 2.60 mm, WT = 0.213 mm, 
LS = 60%; compare with Table 15). Among the other 
corals from the east-central United States, P. speciosa 
is most similar to P. savagei (see Discussion under P. 
Savagei, p. 58). 

Corals from the Grande Coupe beds of the Mata- 
pédia Group near Percé, Québec (Upper Ordovician, 
Ashgill, pre-Hirnantian; Lespérance ef al., 1987, fig. 
4), were described and illustrated as P. speciosa by 
Bolton (1980; White Head Formation therein). We 
examined the following specimens: GSC 53531 (Bol- 
ton, 1980, pl. 2.5, figs. 1, 6), collected by G. W. Sinclair 
in 1956, Grande Coupe, Québec; GSC 53532 (Bolton, 
1980, pl. 2.5, fig. 3), collected by P. J. Lespérance in 
1962, Petite Coupe, Québec. These coralla have cren- 
ulate tabularia, spinose septa, and short trabecular rods 
in their coenenchymes. They differ from those in the 
Ellis Bay Formation of Anticosti Island by having 
smaller tabularium diameters of about 1.8-2.2 mm 
and broad coenenchymal dissepiments, and one (GSC 
53532) has tabulae that bear spines on their upper 
surfaces. For these reasons, they are questionably syn- 
onymized with P. speciosa here. 

A species described by Bondarenko and Minzhin 
(1981) as P. speciosa from the Ashgill Tsagan-Del beds 
of Mongolia may be conspecific with the North Amer- 
ican P. speciosa. The Mongolian specimens have ta- 
bularia with crenulate outlines and coenenchymes with 
trabecular rods, but are distinguished by having some- 
what smaller tabularium diameters of about 1|.3-2.2 
mm, by the common occurrence of long, thick, ver- 
tically oriented spines on the upper surfaces of tabulae, 
and by their generally broader coenenchymal dissep- 
iments. Bondarenko and Minzhin (1981, pp. 11, 12) 
noted that phyletic changes in the Mongolian material 
include an increase in tabularium diameter, disap- 
pearance of the spines on tabulae, and an increase in 
the length of coenenchymal rods. This pattern is re- 
flected in North America by the differences between 
the specimens from the Grande Coupe beds and those 
from the Ellis Bay Formation and the east-central 
United States. 


Proporids that are similar to P. speciosa also occur 
in some parts of Baltoscandia. A specimen from the 
Porkuni Stage of Estonia (Ashgill, Hirnantian; Kaljo 
et al., 1988, p. 90), illustrated and briefly described as 
Propora magna by Sokolov (1955, 1962), may be con- 
specific with P. speciosa. It has crenulate tabularia with 
diameters (outside?) of about 3 mm, but has thinner 
walls than those of P. speciosa and has only small 
trabecular tubercles, rather than rods, in its coenen- 
chyme. 

Lindstrém (1899, pl. 9, figs. 45, 46, pl. 10, figs. 1- 
5) illustrated specimens identified as P. speciosa from 
Borenshult, Ostergotland (Ostrogothia in Lindstrom), 
Sweden (probably of Ordovician age), and from the 
Slite Beds of Gotland, Sweden (upper Lower Silurian, 
mid-Wenlock). These are similar to the North Amer- 
ican P. speciosa in having trabecular rods in their coe- 
nenchymes, but we do not consider them to be syn- 
onymous. The Ostergotland specimens have smaller 
tabularia with diameters of about 1.5 mm and possess 
broad coenenchymal dissepiments, and the material 
from Gotland has smaller and more broadly spaced 
tabularia with diameters of about 1.7 mm; both appear 
to lack septal spines. 

Propora bacillifera Lindstr6m (1899, p. 97, pl. 10, 
figs. 8-21) was erected for material from the following 
locations: Treberga, Gland, Sweden (Upper Ordovi- 
cian; Jaanusson and Mutvei, 1982, p. 9); Dalarna (Dal- 
ecarlia in Lindstr6m), Sweden (Ordovician or Siluri- 
an); Korgessaare, Island of Hiiuama (Hohenholm in 
Dag6 in Lindstr6ém), and Piersal, Estonia (both Upper 
Ordovician, F,, Nabala, Vormsi, or Pirgu Stage; Twen- 
hofel, 1916, pp. 293, 294; RoOmusoks, 1960, table 1); 
Borkholm, Estonia (Ashgill, F;;, Porkuni Stage; Twen- 
hofel, 1916, pp. 293, 306; ROOmusoks, 1960, table 1); 
Island of Heroy (?; Heré in Lindstr6m), Norway; and 
Gotland, Sweden (R6da Lagret?; Upper Llandovery, 
Telychian). Like P. speciosa, this species has trabecular 
rods in its coenenchyme, but its tabularia have di- 
ameters of about 3 mm and are more broadly spaced, 
and it possesses very long and thick septal spines. 

Propora bacillifera has also been described and il- 
lustrated by Kiaer (1930, p. 68, pl. 5, figs. 2, 3) from 
the Upper Ordovician of Stord, Norway. Kiaer’s ma- 
terial has broadly spaced tabularia with diameters of 
about 1.8—1.9 mm, and has weakly developed coenen- 
chymal trabeculae and septal spines. It is more similar 
to P. speciosa than to Lindstrém’s P. bacillifera, but is 
probably not conspecific with either species. 

Plasmopora conferta (Milne-Edwards and Haime) 
was identified from the Bonsnes Formation of Rin- 
gerike, Norway (Ashgill, Rawtheyan; Owen et al., 1990, 
p. 37), by Kiaer (1899, pp. 27, 28, pl. 4, figs. 3, 4; 
Gastropodenkalk, Etage Sa therein). It has spinose sep- 
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ta, coenenchymal trabeculae, and tabularium diame- 
ters of about 1.8—3.2 mm, but has much broader coe- 
nenchymal dissepiments than those of P. speciosa. 

Occurrences. —Uppermost Ordovician (Gamachi- 
an): Leemon Formation, southern I]linois. Lower Low- 
er Silurian (Lower Llandovery, upper Rhuddanian): 
upper Mosalem Formation, northwestern Illinois. 

Uppermost Ordovician (Gamachian) to lowermost 
Silurian (?; Lower Llandovery?, lowermost Rhuddan- 
ian?): Ellis Bay Formation, Anticosti Island, Québec. 
Possibly in Upper Ordovician (Ashgill, pre-Hirnan- 
tian): Grande Coupe beds, Matapédia Group, near 
Percé, Québec. Possibly in Upper Ordovician (Ashgill): 
Tsagan-Del beds, Mongolia. 

Lectotype. — Designated here: GSC 2240a (PI. 6, fig. 
5), collected by T. C. Weston in 1865, Ellis Bay For- 
mation, White Cliff, Ellis Bay, Anticosti Island, Qué- 
bec. 

Paralectotype. — Designated here: GSC 2240, col- 
lected by T. C. Weston in 1865, Ellis Bay Formation, 
White Cliff, Ellis Bay, Anticosti Island, Québec. 

Other material described above.—Five specimens: 
UI C-889a, collected by T. E. Savage (labelled “*Plas- 
mopora thebesensis, Edgewood [Formation], Thebes’’), 
UI C-1438, collected by T. E. Savage (labelled “‘Cal- 
vinia edgewoodensis, Edgewood [Formation], near 
Thebes”), Leemon Formation, Section 31 (Thebes 
North), Alexander County, Illinois; UI X-850 (type 
specimen of C. edgewoodensis), C-1440, collected by 
T. E. Savage (labelled “Calvinia edgewoodensis, Edge- 
wood [Formation], near Gale’’), Leemon Formation, 
Gale Section, Alexander County, Illinois; USNM 
485776, interval 32-lc, Mosalem Formation, Section 
32 (Thomson East), Carroll County, Illinois. 


Propora species aff. P. affinis (Billings, 1865) 
Plate 7, figures 9, 10 


[aff-| Heliolites affinis Billings, 1865, pp. 427, 428; 1866, pp. 5, 6. 
[aff] Propora conferta Milne-Edwards and Haime, 1851. Bolton, 
198 1a, pl. 9, fig. 1, pl. 11, figs. 1, 2. 


Description. —The single corallum of this species 1s 
broken. It is of low domical growth form, 58 mm wide 
and 21 mm high. 

In transverse section, tabularia are usually smooth- 
walled or have slightly wavy walls, but are crenulate 
where skeletal elements are thickened. Adult tabularia 
commonly have diameters of 1.0—1.3 mm (Table 15). 
Tabularia are moderately close-spaced, with tabular- 
ium areas averaging 38% of corallite areas (Table 15). 
In longitudinal section, tabularia are elongate, and 
straight or gently curved (PI. 7, fig. 10). 

Corallite walls are thin, but exhibit cyclomorphic 


thickening; thickness varies from 0.025-0.100 mm 
(Table 15). Septa are absent or are represented by 12 
thickened trabecular ridges in cyclomorphically dense 
parts of the corallum. Septal length is 0-25% of ta- 
bularium radius (Table 15). Exothecal projections from 
septa are rare and small. Tabulae are thin, mostly com- 
plete, and flat to strongly concave. Spacing varies cy- 
clomorphically (Pl. 7, fig. 10), averaging about 10 ta- 
bulae in 5 mm (Table 15). Tabulae are more densely 
spaced in bands having thickened skeletal elements; 
pairs of dense and less dense bands average 4.0 mm 
in thickness. 

In longitudinal section, coenenchyme is composed 
of globose to moderately broad domed dissepiments. 
Dissepiments are usually thin and widely spaced; they 
are more closely spaced in cyclomorphically dense 
bands. Dissepiments average 13.5 in 5 mm; ratio of 
corallite tabulae to dissepiments per unit of vertical 
distance is about 0.8 (Table 15). In transverse section, 
dissepiments are sparsely distributed. 

Corallite increase is coenenchymal. New tabularia 
were initiated on the upper surfaces of coenenchymal 
dissepiments. 

Discussion. —This corallum has close affinities with 
members of the group that includes Propora affinis, 
Propora conferta, and Propora thebesensis. However, 
because there is only one poorly preserved specimen, 
it is not considered possible to make a definite specific 
assignment. The name Propora sp. aff. P. affinis is used 
for this specimen because of its similarity in numerical 
characters to Billings’ syntype of P. affinis (GSC 2340, 
2340a; see Discussion under P. thebesensis, p. 53; Text- 
fig. 15) from the Gun River Formation (Middle 
Llandovery, lower Aeronian; Barnes, 1988, fig. 2) on 
Anticosti Island, Québec. It is also closely similar to 
the specimens illustrated by Bolton (198 1a, pl. 9, fig. 
1, pl. 11, figs. 1, 2) as P. conferta from the Gun River 
Formation and the Jupiter Formation (Middle—Upper 
Llandovery, upper Aeronian—Telychian; Barnes, 1988, 
fig. 2) on Anticosti. Bolton’s specimens are distin- 
guished from Propora sp. aff. P. affinis by their more 
globose coenenchymal dissepiments, and his corallum 
from the Gun River Formation may have slightly larg- 
er tabularia. 

Propora sp. aff. P. affinis is distinguished from the 
older P. thebesensis, which also occurs in the east- 
central United States, by its larger and wider coenen- 
chymal dissepiments, more broadly spaced tabularia 
(Text-fig. 15), and greatly reduced exothecal projec- 
tions. A more thorough comparison of members of the 
thebesensis group is given elsewhere (see Discussion 
under P. thebesensis, pp. 53-55). 

Occurrence. —Lower Lower Silurian (Lower Llan- 
dovery, upper Rhuddanian, or possibly Middle Llan- 
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dovery, lowermost Aeronian): Elwood Formation, 
northeastern Illinois. 

Material described above.—One specimen: USNM 
485777, interval 29-4, Elwood Formation, Section 29 
(Sears Pit), De Kalb County, Illinois. 


Propora species A 
Plate 8, figures 1, 2 


Description. —The single corallum of this species is 
broken. It is probably of low domical growth form, 
more than 75 mm wide and more than 33 mm high. 

In transverse section, tabularia have irregular cren- 
ulate outlines (Pl. 8, fig. 1); adult diameters are com- 
monly 2-3 mm (Table 15). Tabularia are wide-spaced, 
with tabularium areas averaging 20% of corallite areas 
(Table 15). In longitudinal section, tabularia are almost 
straight or of irregular shape (PI. 8, fig. 2). 

Corallite walls are moderately thick, ranging from 
0.125-0.175 mm (Table 15). Walls are composed of 
trabecular septal bases, with additional trabeculae ir- 
regularly distributed between them. Walls are complete 
where thickened, but are sometimes incomplete where 
unthickened; incomplete walls are composed of the 
lateral edges of coenenchymal dissepiments (PI. 8, fig. 
2). Septa have variably developed trabecular bases with 
abundant, moderately thick, straight or curved spinose 
extensions. Septal spines are more abundant in zones 
of septal thickening; they may project through tabulae 
and become interspersed with tabular spines (PI. 8, fig. 
2). Length of septa is about three-quarters of tabular- 
ium radius (Table 15). Exothecal projections from sep- 
ta are present in some cases. 

Tabulae are closely but variably spaced, averaging 
about 13 in 5 mm (Table 15). They are flat, convex, 
concave, or wavy, and incomplete or dissepimentate 
in some zones (PI. 8, fig. 2). Abundant short, thick 
trabecular spines project from the upper surfaces of 
tabulae (PI. 8, fig. 2). 

In longitudinal section, coenenchyme consists of 
variable, low-domed to globose dissepiments; in some 
cases these are very broad. They commonly bear short, 
thick spines (diameter 0.05—0.15 mm) on their upper 
surfaces. Dissepiments are moderately closely spaced, 
about 11 in 5 mm (Table 15). They are more broadly 
spaced than corallite tabulae; ratio of tabulae to dis- 
sepiments per unit of vertical distance is 1.25 (Table 
15). Although spacing of both tabulae and dissepi- 
ments is variable, cyclicity is poorly developed. In 
transverse section, coenenchyme appears as irregular 
curved plates interspersed with the small trabecular 
spines (PI. 8, fig. 1). 

Discussion.—This corallum is different from most 
members of Propora in having spines developed on its 


septa, tabulae, and coenenchymal dissepiments. It is 
clearly similar to the somewhat younger Propora gla- 
bra Owen (1844). The latter species was described and 
illustrated by Milne-Edwards and Haime (1851, pp. 
226, 227, pl. 12, figs. 2, 2a—c) from the ““Magnesian 
Limestone” of Iowa (Hopkinton Dolomite?: lower 
Lower Silurian, Middle—Upper Llandovery, Aeronian— 
Telychian; Witzke, 1992, fig. 18), and by Stumm (1965, 
pp. 57, 58, pl. 56, figs. 7-9) from the Manistique Do- 
lomite of Michigan and Ontario (Upper Llandovery; 
Winder and Sanford, 1972, fig. 2), Hopkinton Dolo- 
mite of Iowa, and Louisville Limestone of Indiana and 
Kentucky (upper Lower Silurian, Upper Wenlock; Ber- 
ry and Boucot, 1970, p. 180). Propora glabra has cren- 
ulate tabularia with diameters of about 2.0-2.5 mm, 
incomplete tabulae, and spines on both tabulae and 
coenenchymal dissepiments, but it seems to have lon- 
ger and thicker septa than does the corallum described 
above. The P. g/abra illustrated by Bolton (198 1a, pl. 
13, fig. 7), from the Chicotte Formation of Anticosti 
Island, Québec (Upper Llandovery, Telychian; Barnes, 
1988, fig. 2), is quite different, having more widely 
spaced tabularia with diameters less than 2 mm and 
tabulae that appear to lack spines. 

This corallum is identified as Propora sp. A. It is not 
assigned to a new species because only one incomplete 
specimen is known. 

Occurrence. —Lower Lower Silurian (Lower? Llan- 
dovery, upper Rhuddanian?): Sexton Creek Lime- 
stone, southern Illinois. 

Material described above. —One specimen: UI 
C-1403, collected by T. E. Savage (labelled “‘Lyellia 
americana, Sexton Creek [Limestone], Thebes”’), Sex- 
ton Creek Limestone, near Thebes, Alexander County, 
Illinois. 


Family PLASMOPORIDAE Sardeson, 1896 


Genus PLASMOPORA 
Milne-Edwards and Haime, 1849 


Plasmopora Milne-Edwards and Haime, 1849, p. 262. 
Laminoplasma Bondarenko, 1963, p. 49. 
Eolaminoplasma Bondarenko, 1963, p. 50. 


Type species.—By monotypy: Porites petalliformis 
Lonsdale (1839, p. 687, pl. 16, figs. 4, 4a); Wenlock 
Shale (upper Lower Silurian, Wenlock), Walsall, U.K. 

Diagnosis. —‘‘Plasmoporidae with corallites of 
smooth or crenulate outline; each corallite surrounded 
by a complete aureole of tubules; coenenchyme be- 
tween aureoles of irregular tubules in transverse sec- 
tion; dissepimentate in vertical section with spines, 
rods, or vertical plates irregularly outlining tubules; 
tabulae mostly complete” (Young and Noble, 1990b, 
p. 194). 
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Table 16.—Biometric data for one corallum of Plasmopora sp. cf. P. logani (UI C-865b) from the east-central United States. TaD = 
tabularium diameter, 7a4 = tabularium area, Cod = corallite area, 7D = tubule diameter, WT = wall thickness, LS = length of septa, Ta5 
= number of tabulae in 5 mm, DiS = number of coenenchymal dissepiments in 5 mm; c.v. = coefficient of variation. 


parameters 


data TaD TaA CoA 
mean 1.32mm 1.37 mm? 4.12 mm? 0.33 
minimum 1.15 mm — _ 
maximum 1.45 mm - _ 
intracolony c.v. 6.7 - — 


Remarks.—The concept of Plasmopora given by 
Young and Noble (1990b, pp. 194, 195) is followed 
here. The specimen described below as Plasmopora sp. 
cf. P. logani is the oldest known North American Plas- 
mopora and one of the oldest worldwide. It is similar 
in characters such as tabularium diameter and form of 
septa to Propora thebesensis, which also occurs in the 
east-central United States. This similarity suggests that 
Plasmopora sp. cf. P. logani descended from a proporid 
belonging to the thebesensis group. Plasmopora as pres- 
ently defined is an extremely variable genus, and other 
species groups assigned to it appear to have evolved 
later from different ancestral taxa. 


Plasmopora species 
cf. P. logani Young and Noble, 1990b 
Plate 8, figures 3, 4 


[cf] Plasmopora follis Milne-Edwards and Haime, 1851. Lambe, 
1899, pp. 82, 83, pl. 2, figs. 8, 8a; Northrop, 1939, p. 148; Noble 
and Young, 1984, pp. 874, 875, figs. Sc, 5d, 8. 

[cf] Pseudoplasmopora follis (Milne-Edwards and Haime, 1851). 
Bolton, 1981b, pl. 3, figs. 5, 6, pl. 4, figs. 8, 9. 

[cf] Plasmopora logani Young and Noble, 1990b, p. 195, figs. 6.6- 
Gils 7=7e3: 


Description.—The single corallum is high bulbous 
and flat-based. It is 26 mm wide and 19 mm high. 

In transverse section, tabularia are circular or sub- 
circular, smooth-walled, rarely irregular in outline (PI. 
8, fig. 4). Adult tabularia have diameters of 1.15-1.45 
mm (Table 16). Tabularium spacing is moderate; ta- 
bularium areas average 33% of corallite areas (Table 
16). In longitudinal section, tabularia are straight or 
gently curved. 

Corallite walls are regular and moderately thick; av- 
eraging about 0.06 mm, but are more thickened in 
places (Table 16). Thickening of walls may extend out- 
ward into walls of adjacent coenenchymal tubules. Sep- 
ta are usually absent; weak septal ridges occur rarely 
(PI. 8, fig. 4). Tabulae are complete, horizontal or slightly 
concave, and wide-spaced, averaging about nine in 5 
mm (Table 16). Cyclicity of tabular spacing is poorly 
developed. 

In longitudinal section, high-domed, narrow, thin 


TaA:CoA 


TuD WT LS Ta5 DiS Ta5:Di5 
0.38 mm 0.056 mm (0) 8.8 11.4 0.77 
0.20 mm 0.050 mm _ 6 9 _ 
0.65 mm 0.075 mm = 11 15 = 

26.3 19.6 _ 20.5 20.2 - 


coenenchymal dissepiments are vertically aligned but 
do not usually form definite tubules (PI. 8, fig. 3); they 
are occasionally arranged into clearly defined tubules 
in some small areas. About 11 dissepiments in 5 mm; 
ratio of corallite tabulae to dissepiments per unit of 
vertical distance averages 0.77 (Table 16). In trans- 
verse section, coenenchyme is composed of polygonal 
tubules of variable size; average diameter about 0.4 
mm (Table 16). Tubule walls are generally thin. Each 
tabularium is usually surrounded by an aureole of 12 
tubules. One or two tubules, rarely three or four, occur 
between pairs of adjacent tabularia (PI. 8, fig. 4). 

Corallite increase is coenenchymal. The base of each 
new tabularium was initiated across the tops of several 
laterally equivalent coenenchymal dissepiments. 

Discussion. —This corallum is remarkably similar to 
the younger Plasmopora logani, which occurs in the 
lower Lower Silurian (Upper Llandovery, Telychian) 
to upper Lower Silurian (Lower Wenlock) Anse a Pierre- 
Loiselle, Limestone Point, and La Vieille formations 
of northern New Brunswick and the southern Gaspé 
Peninsula of Québec. Plasmopora logani also lacks sep- 
ta or has weak septal ridges, possesses a coenenchyme 
similar in appearance to that of our specimen, and has 
numerical characters that are virtually identical (bio- 
metric data for P. Jogani, based on Young and Noble, 
1990b, table 4: mean corallum tabularium diameters 
of 0.96-1.40 mm, mean TuD = 0.30 mm, mean WT 
= 0.06 mm, TaA:CoA = 0.32; compare with Table 
16). Our specimen is identified as Plasmopora sp. cf. 
P. logani because of its significantly greater age, and 
because it is the only known specimen. It is considered 
to belong to the same lineage as P. logani. 

Prior to the work of Young and Noble (1990b), P. 
logani from northern New Brunswick and the Gaspé 
Peninsula had been identified as Plasmopora follis or 
as Pseudoplasmopora follis. Young and Noble (1990b, 
p. 195) discussed the characters that distinguish P. /o- 
gani from P. follis and other species. 

Plasmopora sp. cf. P. logani was listed as Plasmopora 
sp. A by Elias and Young (1992, fig. 2, tables 1, 2). 

Occurrence. —Uppermost Ordovician (Gamachian) 
to lowermost Silurian (?; Lower Llandovery?, lower 
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Rhuddanian?): Cyrene Formation, northeastern Mis- 
sourl. 

Material described above. —One specimen: UI 
C-865b, collected by T. E. Savage (labelled “Lyellia 
thebesensis, Edgewood [Formation], Edgewood”), Cy- 
rene Formation, near Edgewood, Pike County, Mis- 
souri. 


Family COCCOSERIDIDAE Kiaer, 1899 


Genus ACIDOLITES 
Lang, Smith, and Thomas, 1940 


pro Acantholithus Lindstrom, 1899 
(non Stimpson, 1858) 


Acidolites Lang et al., 1940, p. 13. 


Type species.—By original designation: Acantholi- 
thus lateseptatus Lindstr6m (1899, p. 113, pl. 11, figs. 
23-30); probably Ordovician (found in a Pleistocene 
moraine), Kopparsvik, Gotland, Sweden. 

Diagnosis.—‘‘Corallites with partly dilated septa and 
narrow interseptal spaces crossed by tabulae or with 
fully dilated septa, no interspaces and no tabulae. Sep- 
tal trabeculae abut or curve upward into a solid col- 
umella of vertical trabeculae. Coenenchyme wide or 
narrow, with trabeculae arranged to form vertical tu- 
bules. Coenenchymal trabeculae variously dilated, re- 
sulting in continuous or discontinuous openings, 
crossed by transverse diaphragms. Trabecular struc- 
ture evident on surface of corallum as rounded or acute 
tubercles defining the outlines of coenenchymal tubules 
and corallites, and in the calices arranged along the 
edges of septa and clustered on an axial boss termi- 
nating the columella.” (From Dixon, 1986, p. 29.) 

Remarks. —Dixon’s (1986, pp. 29, 30) paper on Aci- 
dolites from eastern North America provides a thor- 
ough discussion. His concept of this genus is followed 
here. 


Acidolites species A 
Plate 8, figures 5-7 


Description.—The single corallum has a high do- 
mical growth form. It is extremely small, measuring 
8.0 mm wide and 6.6 mm high (PI. 8, fig. 5). 

In transverse section, tabularia are strongly crenulate 
and very small, with diameters of about 0.65-0.70 
mm. Tabularia appear to be wide-spaced. Each tabu- 
larium is defined by 12 distinct, thick, contiguous sep- 
tal trabeculae (PI. 8, fig. 6); long axis (transverse) of 
each trabecula is about 50-75% of tabularium radius. 
Septal trabeculae form the corallite wall, and in some 
places have exothecal extensions. Septa have upturned 
spinose tips that form a pseudocolumella in the center 
of each tabularium; diameters of tips are about 0.050- 


0.075 mm. In longitudinal section, each tabularium is 
straight or slightly curved, and is bounded by a thick 
tabularium on either side. Tabulae are moderately thick, 
variably and widely spaced (PI. 8, fig. 7). 

In transverse section, the coenenchyme consists of 
thick irregular trabeculae with diameters of 0.075-0.175 
mm; spaces between these trabeculae are present in 
some places (PI. 8, fig. 6). In longitudinal section, coe- 
nenchymal trabeculae are regular, straight or slightly 
curved, with flattened bases (PI. 8, fig. 7). 

Discussion. —This corallum has septal and coenen- 
chymal trabeculae that are greatly dilated, and is near 
one extreme of variation for these characters in Aci- 
dolites. Itis most similar to Acidolites compactus Dixon 
(1986, pp. 39, 40, 42, figs. 7.1-7.7, 10), from member 
7 at the top of the Ellis Bay Formation (uppermost 
Ordovician, Gamachian, to possibly lowermost Silu- 
rian, Lower Llandovery, lowermost Rhuddanian) and 
from the lower Becscie Formation (lower Rhuddanian; 
Melchin ef a/., 1991, p. 1861) on Anticosti Island, 
Québec. The latter species was illustrated by Bolton 
(198 1a, pl. 4, figs. 1, 2) as Acidolites sp. Type 2. Like 
our corallum, A. compactus has greatly dilated coenen- 
chymal and septal trabeculae, but its septa are so highly 
dilated that tabulae are not seen, and its tabularium 
diameter of 1.1—1.4 mm is much larger. 

This corallum is identified as Acidolites sp. A. It is 
not assigned to a new species because only one ex- 
tremely small corallum is known. 

Occurrence. —Uppermost Ordovician (Gamachian): 
Leemon Formation, southern Illinois. 

Material described above. —One specimen: UI 
C-889b, collected by T. E. Savage (in matrix of spec- 
imen labelled ““Edgewood [Formation], Thebes’’), Lee- 
mon Formation, Section 31 (Thebes North), Alexander 
County, Illinois. 


Genus PROTARAEA 
Milne-Edwards and Haime, 1851 


Protaraea Milne-Edwards and Haime, 1851, pp. 146, 208. 
[?] Coccoseris Eichwald, 1855-1860, p. 2. 


Type species. —By subsequent designation (Miller, 
1889, p. 201): Porites vetustus Hall (1847, p. 71); Tren- 
ton Limestone (upper Middle Ordovician), New York, 
WES:AG 

Diagnosis. —Corallum of thin sheets, commonly en- 
crusting. Corallites close to apparently widely spaced; 
coenenchyme absent to apparently wide, when present 
of closely contiguous thick trabeculae perpendicular to 
surface. Twelve septa of contiguous trabeculae directed 
steeply upward and filling the lumen. Tabulae absent. 

Remarks. —The generic concept we follow is similar 
to that of Hill (1981, p. F622), except that the material 
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Table 17.—Biometric data for one corallum of Protaraea sp. A 
(USNM 485778) from the east-central United States. TaD = ta- 
bularium diameter, 7a4 = tabularium area, 7uD = tubule diameter, 
TC = thickness of cycles; c.v. = coefficient of variation. 


parameters 
data TaD TaA TuD rE 
mean 0.89 mm _ 0.62 mm? 0.182 mm 1.92 mm 
minimum 0.75 mm = 0.100 mm 0.60 mm 
maximum 1.10 mm — 0.275 mm 4.05 mm 
intracolony c.v. 14.7 = 20.9 — 


described here as Protaraea sp. A has more broadly 
spaced tabularia than would be permitted by Hill’s 
definition. In this feature, Protaraea sp. A is transi- 
tional between Protaraea and Coccoseris; Sokolov’s 
(1955, p. 466) suggestion that Coccoseris 1s a junior 
synonym of Protaraea may be correct. Neither genus 
has been analyzed in any detail in the modern litera- 
ture, however, and the type material requires restudy. 


Protaraea species A 
Plate 8, figures 8-12 


Description. —Laminar corallum growth forms pre- 
dominate; two of the three coralla form sheets about 
0.50—2.25 mm thick, and encrust calcareous algae, bra- 
chiopods, and Halysites alexandricus (Pl. 8, fig. 12). 
The one taller corallum (Pl. 8, fig. 8) consists of a 
vertical stack of horizontal layers with an average 
thickness of 1.92 mm (Table 17). Layers are separated 
by sediment inclusions that represent levels where pol- 
yps had died prior to colony regeneration. 

Contiguous trabeculae fill all tabular and coenen- 
chymal space. Tabularia are crenulate in outline, with 
adult diameters of 0.75—1.10 mm (Table 17); they are 
difficult to recognize in transverse sections (PI. 8, figs. 
10, 11). Tabularia appear to be widely spaced; tabu- 
larium areas are about 10-20% of corallite areas, but 
spacing cannot be determined with certainty because 
of difficulty in discriminating tabularia from coenen- 
chyme. Tabularia are filled with dense polygonal tra- 
beculae; 12 large, regular septal trabeculae with di- 
ameters of about 0.225—0.300 mm occur inside each 
tabularium boundary, with about six smaller trabec- 
ulae having diameters of about 0.100-0.275 mm in 
the center of each tabularium (PI. 8, fig. 11). In some 
tabularia, trabeculae are separated from one another 
by thin, dark lines. Tabularia cannot be distinguished 
in longitudinal sections. 

Corallites lack distinct walls other than the septal 
trabeculae. In some cases, however, a dark line sepa- 
rates trabeculae in a tabularium from those in the ad- 
jacent coenenchyme (PI. 8, fig. 11). Tabulae are absent. 


In transverse section, coenenchyme is composed of 
polygonal trabeculae with diameters of about 0.100- 
0.275 mm (Table 17; Pl. 8, figs. 10, 11). Thin, dark 
lines separate trabeculae in some places (PI. 8, fig. 11). 
In longitudinal section, trabeculae are straight or gently 
curved, with flat or gently rounded bases (PI. 8, figs. 
8, 9) and tips that are pointed and triangulate, or some- 
what rounded (PI. 8, fig. 9). 

Discussion. — These coralla are referred to Protaraea 
because their coenenchymes are composed of contig- 
uous trabeculae, and the tabularia are completely filled 
with trabecular septa and lack tabulae. They are not 
very similar to any of the species of Protaraea that are 
well documented in the literature, however, because 
their tabularia are both smaller and much farther apart. 
This latter character may suggest that these coralla 
could be better placed in Coccoseris, but they have 
upward-directed septal trabeculae rather than the ax- 
ially directed septal trabeculae that are apparently typ- 
ical of that taxon (see Remarks under Protaraea, pp. 
65, 66). These specimens are identified as Protaraea 
sp. A; they are not assigned to a new species because 
they are few in number and because the type of pres- 
ervation does not permit complete description and 
analysis of characters. 

Among other species, Protaraea guijangensis Lin 
(1965, pp. 78, 85, pl. 4, fig. 2), from the Upper Or- 
dovician of Guizhou Province, China, may be the most 
similar to Protaraea sp. A. Protaraea guijangensis has 
similar spacing of tabularia, but has somewhat larger 
tabularia with diameters of about 1.2-1.5 mm. Un- 
fortunately, Lin’s illustration shows only a poorly pre- 
served external surface, so detailed comparisons are 
not possible. 

Occurrence. —Uppermost Ordovician (Gamachian): 
lower Keel Formation, south-central Oklahoma. 

Material described above.—Three specimens: USNM 
485778, site 231i, USNM 485779c, site 23111, USNM 
485780c, site 23iv, interval 23-2 (Brevilamnulella beds), 
Keel Formation, Section 23 (Lawrence Quarry), Pon- 
totoc County, Oklahoma. 


Order HALYSITIDA Sokolov, 1947 


Diagnosis.—Tabulata with thick-walled corallites 
arranged in uniserial ranks that join to surround la- 
cunae. Septa consist of up to 12 rows of spines and/or 
longitudinal ridges, rarely more; may be absent. Ta- 
bulae usually complete. Adjacent corallites in ranks 
may or may not be separated by tubules having hor- 
izontal or convex tabulae. Corallite increase lateral or 
interstitial. 

Discussion. — Hill (1981, pp. F602, F603) considered 
halysitids to be a suborder within the Heliolitida on 
the basis of shared characters including the presence 
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of coenenchyme between corallites and septa typically 
numbering | 2. The former character is almost certainly 
not homologous, since halysitids having tubules be- 
tween their corallites are unknown before the upper 
Caradoc in the Ordovician, apparently having evolved 
from the non-tubular forms that had first appeared 
during the Blackriveran (Middle Ordovician). The 
shared septal number may indicate that halysitids and 
heliolitids had a common origin, but inclusion within 
a single order suggests a degree of similarity that is 
absent between these discrete, internally consistent 
groups. For these reasons, we follow Scrutton (1985, 
pp. 34, 36) in recognizing the Halysitida as an order 
distinct from the Heliolitida. 


Family HALYSITIDAE 
Milne-Edwards and Haime, 1849 


Genus HALYSITES Fischer von Waldheim, 1828 


Alyssites Fischer von Waldheim, 1813, p. 387. 
Halysites Fischer von Waldheim, 1828, p. 15. 
Schedohalysites Hamada, 1957, p. 401. 
Acanthohalysites Hamada, 1957, p. 404. 


Type species. —By monotypy: Tubipora catenularia 
Linnaeus (1767, p. 1270); Silurian, Gotland, Sweden. 

Diagnosis. —Halysitidae with circular, elliptical, or 
subquadrate corallites arranged in uniserial ranks. Sep- 
ta consist of rows of spines and/or longitudinal ridges; 
may be absent. All or most corallite tabulae are com- 
plete. Tubules occur between some or all corallites: 
tubule tabulae complete. 

Discussion. —Our concept of Halysites is similar to 
that put forward by Laub (1979, pp. 271-274). His 
inclusion of Schedohalysites and Acanthohalysites as 
junior synonyms is followed here. 

There is one major problem associated with the rec- 
ognition of Halysites. The development of tubules in 
halysitids is a variable character, and it is not easy to 
draw a boundary between Halysites and Catenipora, 
which completely lacks tubules. Hamada (1957) dealt 
with this problem by erecting Schedohalysites to in- 
clude those halysitids that possess tubules between some 
corallites but lack them between others. As Laub (1979, 
p. 274) noted, however, tubules are not universally 
present in many species of Halysites; their absence 
from parts of a corallum may be due to developmental 
stage or to poor preservation. Laub suggested that spec- 
imens should be included in Halysites if they possess 
any tubules at all. 

A further complication is that certain specimens, 
including those described below as Halysites sp. cf. H. 
alexandricus and Halysites? sp. A, possess structures 
that appear to be tubules that were filled with skeletal 
material during subsequent growth. Although some 


species with completely infilled tubules probably 
evolved from others with open tubules, they would be 
placed in Catenipora according to presently accepted 
definitions of these genera. Flower (1961, p. 47) con- 
sidered corals with such features to be ‘‘advanced” 
members of Catenipora. Examples in the literature sug- 
gest that this problem may involve a number of species 
(e.g., Catenipora crassa Stasinska; see Stasinska, 1967, 
pp. 43, 44, pl. 7, fig. 1). A classification that would 
take this into account would necessarily be based on 
a thorough re-examination of halysitid structure, mi- 
crostructure, and phylogeny; this is beyond the scope 
of the present study. 

Hill (1981, p. F627) assigned Halysites to the sub- 
family Halysitinae Milne-Edwards and Haime and Ca- 
tenipora to the subfamily Cateniporinae Hamada. We 
do not recognize those subfamilies because of problems 
associated with the distinction of Catenipora from 
Halysites, as discussed above. 


Halysites alexandricus, new species 
Plate 9, figures 1-11; Plate 10, figures 1-10; 
Plate 11, figures 1-6 


Derivation of name.—The species name is derived 
from Alexander County, Illinois, where the type lo- 
cality, Section 31 (Thebes North), is situated. 

Diagnosis. — Halysites with ranks of variable length, 
commonly one to six corallites between rank junctions. 
Tabularium dimensions usually with length 1.0-1.8 
mm, width 0.7—1.4 mm. Septal spines present, variably 
developed. Tabulae wide-spaced, usually complete. 
Tubules small, length 0.1—0.3 mm, width 0.1 —0.5 mm. 
Tubules do not occur between every pair of adjacent 
corallites, are rarely seen in longitudinal sections. Walls 
between corallites and tubules are thick. 

Description of coralla.—Coralla are of low and high 
bulbous and low domical growth forms (Table 14). 
Three measured specimens are 33-83 mm wide and 
18-43 mm high. 

Corallites are arranged in ranks of extremely variable 
length; commonly one to six corallites between rank 
junctions (PI. 9, fig. 4, Pl. 10, fig. 9), occasionally up 
to 47 corallites without a junction. Density of corallite 
spacing appears to be related to rank length, with close- 
ly spaced corallites occurring in coralla having short 
ranks. Ranks are broadly curved, and moderately to 
strongly constricted at intercorallites; they define wide 
lacunae having subparallel sides. Lacunae are straight, 
sinuous, or rarely subpolygonal (Pl. 9, fig. 4, Pl. 10, 
figs. 2, 7, 9, Pl. 11, fig. 3). Rank junctions occur most 
commonly at lateral corallite walls, rarely at tubules. 

In transverse section, corallites are subovate, sub- 
elliptical, or subquadrate (PI. 9, figs. 2, 9, Pl. 10, figs. 
2, 6, 7, Pl. 11, figs. 1, 3, 5); they often have flat ends 
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at intercorallites. Tabularia commonly have length 1.0- 
1.8 mm and width 0.7-1.4 mm (Table 18). Where a 
rank junction occurs along a lateral corallite wall, the 
junction corallite 1s often distorted in the direction of 
the side rank (PI. 10, figs. 6, 9, Pl. 11, fig. 3). In lon- 
gitudinal section, corallites are straight, curved, or 
somewhat geniculate (PI. 9, fig. 8, Pl. 10, figs. 3, 5, Pl. 
leshigss 2556): 

Three distinct ‘““megacorallites” (see Dixon, 1976) 
are recognized in a transverse section of one specimen 
(USNM 485781); they are unusually large, with ta- 
bularium dimensions up to 3.6 mm by 2.5 mm (PI. 
10, fig. 2). One of the ““megacorallites” is subquadrate, 
with angulate lateral corallite walls, and occurs within 
a rank that is otherwise normal. The second and third 
““megacorallites” occur at successive meanders where 
one rank approaches close to other ranks. The second 
““megacorallite” is subtriangular, with an angulate lat- 
eral wall facing the nearby rank; the opposite lateral 
wall is normal. The third “‘megacorallite” is subquad- 
rate, with one of its two angulate lateral walls abutting 
against the other rank (Pl. 10, fig. 2). In a different 
specimen (USNM 485800a), several irregularly shaped 
corallites occur along one side of the corallum (PI. 10, 
fig. 9). 

Corallite walls are thick or very thick, commonly 
0.2-0.4 mm (Table 18). Walls between tabularia and 
tubules are moderately thick; where tubules are absent, 
walls between adjacent tabularia are thick. Septa are 
thorn-like spines that may have broadly thickened bas- 
es (PI. 9, figs. 3, 10). They are rare to abundant, num- 
bering from 0 to 14 ina transverse section ofa corallite. 
Septal length is variable, averaging 22% of tabularium 
radius but reaching 52% of radius (Table 18). In lon- 
gitudinal section, septal spines are arranged in rows; 
they are directed slightly upward, and are straight or 
curved (PI. 9, figs. 6, 7). 

Tabulae are thin, flat, slightly concave or convex, or 
irregular. They are usually complete (PI. 10, figs. 3, 5, 
8, 10), rarely incomplete (Pl. 9, fig. 5), and in some 
cases have crook-shaped, concave depressions. Tab- 
ular spacing is broad, variable or regular, averaging 
about 6 tabulae in 5 mm (Table 18); in some cases 
spacing shows well-defined cyclomorphic patterns. Ta- 
bulae rarely show significant thickening. 

In transverse section, tubules are small, commonly 
with length 0.1—0.3 mm and width 0.1—0.5 mm (Table 
18). They are of variable shape: subcircular (PI. 9, fig. 
11, Pl. 10, fig. 1); width greater than length, slit-like or 
subrectangular (PI. 9, fig. 1, Pl. 10, fig. 2); rarely length 
greater than width; in some cases discontinuous and 
divided into two or three compartments. Tubules are 
usually aseptate (PI. 9, fig. 11), but rarely possess short, 
apparently spinose septa. Lateral walls of tubules are 


usually thick. Tubules do not occur between every pair 
of adjacent corallites, and are commonly infilled with 
skeletal material. Tubules occurring at rank junctions 
are much larger than usual and are irregular in shape 
(Pl. 9, fig. 9). Tubules are rarely seen in longitudinal 
sections. Tubule tabulae are wide-spaced, numbering 
about 7 in 5 mm, and are flat or slightly concave (PI. 
9. figs. 5, 64 Pl dis figsi4). 

Astogeny and corallite increase. —Most observations 
are based on one serial-sectioned corallum (USNM 
485779a). Other specimens are used for comparison. 

The protocorallite is not known. In transverse sec- 
tion, corallites occurring in the initial part ofa corallum 
are subelliptical, small, length 0.85—0.95 mm and width 
0.5 mm, thick-walled, and possess some short to mod- 
erately long septa. Corallites form short ranks that fol- 
low the contours of the substrate; ranks are of two to 
three corallites, initially spreading without joining to 
surround lacunae. In longitudinal section, bases of cor- 
allites occurring in the initial part of a corallum may 
be flattened, or may conform to the shape of a hard 
substrate such as a stromatoporoid (PI. 9, fig. 8). The 
initial growth of corallites was nearly vertical (Pl. 9, 
fig. 8) to reptant. 

Above the basal part of a corallum, corallites are 
larger and their septa are commonly longer, though 
septal development varies vertically throughout the 
height of a corallite. The form of ranks changes, be- 
coming longer, more sinuous, and subparallel; ranks 
join to surround elongate lacunae. In longitudinal sec- 
tion, corallites are long, often extending from the base 
to the upper growth surface (Pl. 9, fig. 8); corallite 
mortality within a corallum is rarely observed. 

Corallite increase may be interstitial (between adult 
corallites in a rank) or lateral (at the end or side of a 
rank). Interstitial increase occurred through the ex- 
pansion of an existing tubule. New corallites in such 
positions are subquadrate to subelliptical, with pro- 
portions similar to those of adult corallites (Pl. 9, figs. 
2, 9, Pl. 10, fig. 7). In some cases, new tabularia have 
quite strongly developed septa (PI. 9, fig. 9). New tu- 
bules were added on either side of each new corallite 
higher in the colony. In one corallum (UI X-8723), 
some corallite lumina are connected through gaps in 
the intercorallite wall, with continuous tabulae occur- 
ring between tabularia in some places. 

Lateral increase occurred at the ends of ranks or on 
the lateral margins of adult corallites within ranks. In 
most cases, no tubule is present between the basal part 
of the new corallite and the parent corallite; the tubule 
was added during subsequent growth. In one corallum 
(USNM 485809; see Pl. 11, fig. 4), however, a new 
corallite was initiated after the intervening tubule was 
already in place. 
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Microstructure. —Corallite walls are fibrous, con- 
sisting of an inner and an outer layer. Relative thick- 
nesses of the two layers are variable, but they are usu- 
ally approximately equal. The outer layer of the wall 
covers the outer margin of each rank along the edges 
of both corallites and tubules (Pl. 9, figs. 2, 9, 11). It 
is usually dark in color, and has growth lamellae ori- 
ented parallel to the wall in transverse section. In lon- 
gitudinal section, lamellae are directed obliquely out- 
ward with height in the corallum at an angle of about 
20° from vertical, presumably parallel with the former 
position of polyp tissue (PI. 9, figs. 6, 7). In longitudinal 
sections of some corallites, the lamellae of the outer 
wall interdigitate with the inner wall material. 

The inner layer of the wall is paler than the outer 
one. In transverse sections of corallites, fibers in this 
layer are seen in oblique cross section, and appear ap- 
proximately parallel to the wall (Pl. 9, figs. 3, 10). In 
longitudinal sections they are elongate, directed up- 
ward adaxially at angles from the horizontal of 0-60°, 
usually 30-45° (Pl. 9, figs. 6, 7). In the intercorallite 
area, the inner wall continues as a pale surface layer 
(Pl. 9, figs. 2, 11); a darker area occurs farther inside 
the intercorallite, but other pale areas are seen around 
some tubules (Pl. 9, fig. 11). In many specimens the 
darker intercorallite wall material includes poorly de- 
fined fibrous bundles (Pl. 9, figs. 2, 11) that probably 
represent the “balken”’ of Fischer-Benzon (1871, pp. 
14, 15). Septal spines are thorn-like, apparently fibrous, 
and are embedded in the inner corallite wall; they are 
darker than that wall, usually about the same color as 
the outer wall (Pl. 9, figs. 2, 6, 7, 10). The inner wall 
is often deflected into the lumen around a septal spine 
(PISS; figs: LOS 11): 

Both wall layers are commonly affected by diagenetic 
alteration. With low-level alteration, the inner wall 
may take on a lamellar appearance with lamellae par- 
allel to those of the outer wall. With a higher degree 
of diagenesis, both walls may be composed of contin- 
uous fibers oriented perpendicular to the wall in trans- 
verse section, or may even take on a pseudotrabecular 
appearance. 

Corallite tabulae are dark-colored and are embedded 
in the axial edges of the inner corallite wall (Pl. 9, figs. 
6, 7). Tabular structure is indistinct, but appears to 
consist of fibers oriented perpendicular to the plane of 
each tabula. Tubule tabulae are also dark in color, and 
abut the edges of the intercorallite walls (Pl. 9, fig. 6); 
their structure cannot be distinguished. 

Intraspecific variation. —This species is variable in 
many characters, such as septal development and the 
length and arrangement of ranks. The fragmentary na- 
ture of many specimens limits the analysis of much of 


this variation, however, and the data are insufficient 
for determination of interlocality differences in most 
characters. 

Frequency distributions for tabularium dimensions 
in two coralla are approximately normal, with length 
and width having similar curves in each example (Text- 
fig. 19A, B). Size ranges for both dimensions tend to 
be relatively broad. The holotype (USNM 485781) has 
three ““megacorallites” that are irregular in outline and 
about twice the dimensions of normal corallites (e.g., 
Pl. 10, fig. 2); these are not included in the frequency 
distribution for the specimen. 

A graph of tabularium mean length and width (Text- 
fig. 19C) indicates that the ratio of these dimensions 
remains constant at about |.3-1.4, regardless of the 
mean corallite size for a corallum. At each locality for 
which a large number of specimens is available, such 
as Sections 23 (Lawrence Quarry) and 15 (Calumet), 
there is a substantial range of mean tabularium di- 
mensions. No locality stands out as significantly dif- 
ferent from the others in these characters. 

Septal length appears to be related to wall thickness, 
with long septa occurring only in those coralla that 
have thick corallite walls (Text-fig. 19D). These char- 
acters show some interlocality variation; septa are gen- 
erally long at Section 23, and are variably developed 
at Section 15. Septal length and wall thickness do not 
correlate with tabularium dimensions. 

Discussion. — These coralla are assigned to a new spe- 
cies, Halysites alexandricus. This species is the oldest 
representative of Halysites documented from North 
America. Worldwide, members of this genus are rare 
in uppermost Ordovician to lowest Silurian strata, but 
three other species have characters that are similar to 
those of H. alexandricus. The oldest definite member 
of this genus is Halysites praecedens Webby and Se- 
meniuk (1969, pp. 349-353, figs. 2-6), from the upper 
Bowan Park Group and upper Canomodine Limestone 
of New South Wales, Australia (Ordovician, upper 
Caradoc-lower Ashgill; Webby et al., 1981, pl. 1). It 
has tabularium dimensions of about 1.2-—2.0 mm by 
1.2-1.6 mm, rectangular tubules, and flat tabulae. Hal- 
ysites sp. of Hall (1975, p. 89, fig. 12, pl. 5, figs. b, c), 
from the Uralba Beds of New South Wales (Upper 
Ordovician, Ashgill), has corallites with tabularium 
dimensions of about 1.4—-1.7 mm by 0.8-1.0 mm, ar- 
ranged in short ranks. Halysites priscus Klaamann 
(1966, p. 93, pl. 22, figs. 5-7), from the Juuru Stage of 
Estonia (lower Lower Silurian, Lower Llandovery), has 
tabularium dimensions of 1.6-1.8 mm by 1.4-1.55 
mm, and rectangular tubules. All three of these species 
differ from H. alexandricus by having smaller or absent 
corallite septa, much thinner walls between corallites 
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Text-figure 19.—Intraspecific variation in Halysites alexandricus. A, B, Tabularium size-frequency distributions for selected coralla: A, 
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and tubules, and tubules that are more abundant and 
that were initiated lower in the growth of the adjacent 
corallites. 

Patterns of increase observed in H. alexandricus are 
notable for their variability (see Astogeny and corallite 
increase, above). Interstitial increase through expan- 
sion of an existing tubule is consistent with forms de- 
scribed from Ordovician and Silurian species of Hal- 
ysites by Webby and Semeniuk (1969, pp. 354, 355, 
fig. 8a) and by Webby (1975, p. 35, fig. 5), but the 
connections between corallite lumina in one specimen 
of H. alexandricus suggest that axial increase (cf, Lee 
and Elias, 1991, p. 193, figs. 1, 2) may also have oc- 
curred. Lateral increase took place either with or with- 
out an intervening tubule; the former pattern is the 
same as that reported by Webby and Semeniuk (1969, 
p. 355, fig. 8b) and Webby (1975, p. 34, fig. 4) for 
Ordovician and Silurian species of Ha/ysites, whereas 


the latter was suggested by Buehler (1955, p. 14) and 
Hamada (1959, p. 276) as the most likely mode of 
increase for all halysitids. The occurrence of this range 
of types of increase in one species indicates that it could 
vary styles of growth, probably in response to local 
conditions. 

‘*“Megacorallites,” which occur rarely in H. alexan- 
dricus, are apparently rare among halysitid corals in 
general. They have been previously reported in two 
specimens of Catenipora from the Lang River For- 
mation (Upper Ordovician) on Somerset Island in the 
Canadian Arctic. The “megacorallites” in one coral- 
lum from Somerset Island are mostly subcircular in 
transverse section, and commonly occur at the center 
of tri- or quadripartite rank divergences (Dixon, 1976, 
pl. 1, figs. 1, 2a, 2b). ““Megacorallites’” in the other 
specimen are more commonly subelliptical, and occur 
within uniserial ranks (Dixon, 1976, pl. 1, figs. 3, 4a— 
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c). The paleobiologic significance of “‘“megacorallites” 
is uncertain (see Dixon, 1976, p. 918). We consider 
them to be anomalous features; as such they are not 
given weight in taxonomy (cf., Dixon, 1976, p. 920). 

Halysites alexandricus was listed and illustrated by 
Elias and Young (1992, figs. 2, 3e, 3f, tables 1, 2) as 
Halysites n. sp. A. A similar younger species, Halysites 
sp. cf. H. alexandricus from the Sexton Creek Lime- 
stone of southern Illinois, is described below. 

Occurrences. —Uppermost Ordovician (Gamachi- 
an): Cason Shale, western north-central Arkansas; Lee- 
mon Formation, southern Illinois and southeastern 
Missouri. Uppermost Ordovician (Gamachian) to low- 
ermost Silurian (?; Lower Llandovery?, lower Rhud- 
danian?): lower and upper Keel Formation, south-cen- 
tral Oklahoma. Uppermost Ordovician (?; Gamachi- 
an?) to lowermost Silurian (Lower Llandovery, lower 
Rhuddanian): Wilhelmi Formation, northeastern IIli- 
nois; lower Mosalem Formation, northwestern Illinois. 
Lowermost Silurian (?; Lower Llandovery?, lower 
Rhuddanian?): Kissenger Limestone Member, Bryant 
Knob Formation, northeastern Missouri. 

Holotype. —USNM 485781 (Pl. 10, figs. 2-4), inter- 
val 31-1, Leemon Formation, Section 31 (Thebes 
North), Alexander County, Illinois. 

Paratypes. — Four specimens: USNM 485782 (PI. 9, 
figs. 1-3), site 231, USNM 458778 (PI. 9, figs. 4-6), site 
23ii, interval 23-2 (Brevilamnulella beds), Keel For- 
mation, Section 23 (Lawrence Quarry), Pontotoc 
County, Oklahoma; USNM 485783 (PI. 10, figs. 7, 8), 
interval 15-1, Kissenger Limestone Member, Bryant 
Knob Formation, Section 15 (Calumet), Pike County, 
Missourl; UI X-8723 (Pl. 11, figs. 5, 6), collected by 
T. E. Savage (labelled “‘Halysites catenularia, 1 mi. 
below otc. of Channahon |s.’’), Wilhelmi Formation, 
3.2 km south of Channahon, Will County, Illinois. 

Other material described above.—38 specimens: 
USNM 485779a, 485784, site 23111, USNM 485780a, 
485785b, 485786, site 23iv, interval 23-2 (Brevilam- 
nulella beds), USNM 485787, 485788, site 231, USNM 
485789, 485790, site 2311, interval 23-3, USNM 
423421 (paratype of Keelophyllum oklahomense is at- 
tached to Halysites alexandricus), 485791, 485792, 
collected by R. J. Elias and R. J. McAuley in 1983, 
interval 23a-1 of McAuley and Elias (1990, p. 53, fig. 
2), Keel Formation, Section 23 (Lawrence Quarry), 
Pontotoc County, Oklahoma; USNM 485793, interval 
24-3, Keel Formation, Section 24 (Coal Creek), Pon- 
totoc County, Oklahoma; USNM 485794, interval 25- 
1, Keel Formation, Section 25 (Hunton), Coal County, 
Oklahoma; USNM 485795, collected by W. W. Craig, 
interval 33-1, Cason Shale, Section 33 (Buffalo River), 
Searcy County, Arkansas; USNM 485796, interval 31- 
1, Leemon Formation, Section 31 (Thebes North), Al- 


exander County, Illinois; UI C-886b, collected by T. 
E. Savage (labelled ““Edgewood [Formation], near Gale, 
Ill.”’), Leemon Formation, Gale Section, Alexander 
County, Illinois, USNM 423401 (H. alexandricus is in 
matrix enclosing Streptelasma leemonense), collected 
by R. J. Elias and R. J. McAuley in 1983, interval 20- 
3, Leemon Formation, Section 20 (Short Farm), Cape 
Girardeau County, Missouri; USNM 485797, interval 
18-2, USNM 485723c, interval 18-3, Kissenger Lime- 
stone Member, Bryant Knob Formation, Section 18 
(Kissenger), Pike County, Missouri; USNM 485727b, 
485798, 485799, 485800a, 485800b, 485801485803, 
interval 15-1, Kissenger Limestone Member, Bryant 
Knob Formation, Section 15 (Calumet), Pike County, 
Missourl; USNM 485804, 485805, interval 14-1, Kis- 
senger Limestone Member, Bryant Knob Formation, 
Section 14 (Higginbotham Farm), Pike County, Mis- 
sourl; USNM 485806-—485809, interval 37-1, Wilhel- 
mi Formation, Section 37 (Essex), Kankakee County, 
Illinois; UI C-157, collected by H. F. Crooks (labelled 
**Halysites catenulatus, loc. A-1c’’), UI C-1587b, col- 
lected by T. E. Savage (labelled ‘*Halysites catenularia, 
1 mi. below otc. of Channahon Is.”), Wilhelmi For- 
mation, 3.2 km south of Channahon, Will County, 
Illinois; USNM 485810, 485811, interval 32-1z, Mos- 
alem Formation, Section 32 (Thomson East), Carroll 
County, Illinois. 


Halysites species cf. H. alexandricus, new species 
Plate 11, figures 7-9 


Description. — Ranks are moderately long, consisting 
of one to six corallites. They are straight or broadly 
curved, and moderately constricted at intercorallites. 
Rank junctions occur at lateral corallite walls, or very 
rarely at tubules. Lacunae are broad, elongate or sub- 
polygonal (Pl. 11, fig. 7). In transverse section, coral- 
lites are subelliptical, with tabularium dimensions 
commonly having length 1.25-1.55 mm and width 
0.75—0.90 mm (Table 18). Where a rank junction oc- 
curs along a lateral corallite wall, the junction corallite 
is usually distorted in the direction of the side rank 
(Pl. 11, fig. 8). In longitudinal section, corallites are 
straight or slightly curved (PI. 11, fig. 9). 

Corallite walls are thick, averaging about 0.2 mm 
(Table 18). They are composed of two layers: a thinner, 
dark outer layer and a thicker, pale inner layer. Mi- 
crostructure could not be determined because of re- 
crystallization. Walls between tabularia and tubules are 
thick; where tubules are absent, walls between adjacent 
tabularia are very thick (Pl. 11, fig. 7). Septal spines 
are slender and long, averaging 48% of tabularium ra- 
dius (Table 18). Tabulae are flat to strongly concave, 
usually complete, and irregularly and densely spaced, 
averaging about 12 in 5 mm (Table 18). 
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In transverse section, tubules are usually subellip- 
tical and are very small, measuring 0.1-0.2 mm by 
0.1-0.2 mm (Table 18). Most tubules are infilled with 
skeletal material. A tubule does not occur between ev- 
ery pair of adjacent corallites. Lateral walls of tubules 
are thick. Tubules are not seen in longitudinal section 
(PL. 11, fig. 9). 

Discussion.—This corallum bears a high degree of 
similarity to the older Halysites alexandricus, which 
occurs in uppermost Ordovician and lowermost Si- 
lurian rocks of the east-central United States. This sim- 
ilarity probably reflects an ancestor—descendent rela- 
tionship. The only significant difference between these 
forms is that tabulae in this corallum are commonly 
strongly concave and are more closely spaced than in 
any specimen of H. alexandricus (see Table 18). Ta- 
bularium dimensions in this corallum are smaller than 
those of most specimens of H. alexandricus, but still 
within the range for the latter species (see Text-fig. 20). 

This corallum is identified as Halysites sp. cf. H. 
alexandricus because of the close similarity to H. al- 
exandricus, as discussed above. The single specimen 
does not provide sufficient information for recognition 
of a new species. It was referred to as Halysites sp. cf. 
H.n. sp. A by Elias and Young (1992, fig. 2). 

Occurrence. —Lower Lower Silurian (Lower? Llan- 
dovery, upper Rhuddanian?): Sexton Creek Lime- 
stone, southern Illinois. 

Material described above. —One specimen: UI 
C-1346a, collected by T. E. Savage (labelled ‘‘Ha/ysites 
catenulatus’’), Sexton Creek Limestone, Sexton Creek, 
Alexander County, Illinois. 


Halysites? species A 
Plate 12, figures 1, 2 


Description. — Ranks are moderately long, consisting 
of one to more than four corallites. Ranks are straight 
or slightly curved, and moderately constricted at in- 
tercorallites; they surround broad, subpolygonal la- 
cunae. Rank junctions occur at lateral corallite walls. 
In transverse section, corallites are subelliptical and 
large, with tabularium dimensions commonly having 
length 2.3-2.7 mm and width 1|.3—1.6 mm (Table 18). 
A corallite having a rank junction along its lateral wall 
is usually distorted in the direction of the side rank 
(Pl. 12, fig. 1). 

Corallite walls are thick, about 0.2 mm (Table 18); 
microstructure cannot be determined because of re- 
crystallization. Intercorallites are very thick in the di- 
rection of rank extension. Septal spines are common 
to abundant, upturned, thick, and of medium length, 
averaging 28% of tabularium radius (Table 18; Pl. 12, 
fig. 2). Tabulae are flat or irregular, mostly complete, 
and of variable thickness, with some being quite thick 
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Text-figure 20.—Relationship between mean tabularium width 
and mean tabularium length in halysitid species from the east-central 
United States. Symbols for species: © Halysites alexandricus; n 
(number of coralla) = 20; HM Halysites sp. cf. H. alexandricus; n = 
1; @ Halysites? sp. A; n = 1; 4 Catenipora lawrencica; Section 23 
(Lawrence Quarry); n = 5; H = USNM 485780b (holotype); & C. 
lawrencica; Section-interval 14-1 (Higginbotham Farm); n = 1. 


(Pl. 12, fig. 2). Tabulae are closely spaced, averaging 
about 11 in 5 mm (Table 18). Some tabulae bear short 
to long, vertically oriented spines on their upper sur- 
faces; spines are most abundant on thickened tabulae 
(RINI23 he 2): 

Tubules are not observed. The central parts of many 
intercorallites, however, have the appearance of small, 
broad tubules that have been filled in, either by the 
growth of skeletal material or by recrystallization (PI. 
12, fig. 1). 

Discussion. — Assignment of this corallum to Hal- 
ysites iS questionable because open tubules were not 
observed between the corallites. Nevertheless, the 
structures that are present in the intercorallite walls 
may represent tubules that were filled in during later 
skeletal growth or by recrystallization. In the past, some 
species with intercorallites of similar character have 
been placed in Catenipora; a revision of these genera 
is needed to determine where the boundary between 
them should be placed (see Discussion under Halysites, 
pow): 

This corallum is similar to Silurian halysitids that 
have been assigned by different authors to Halysites 
gotlandicus Yabe (1915) (= Catenipora gotlandica). 
The original description of H. gotlandicus from Korp- 
klint, Gotland, Sweden (probably Upper Visby or Hog- 
klint beds: upper Lower Silurian, Lower Wenlock; Lau- 
feld and Jeppsson, 1976, fig. 1), indicates that it has 
large corallites with dimensions of 1.9—2.1 mm by 1.6- 
1.7 mm, and short septal spines, but lacks tubules (Yabe, 
1915, pp. 34(10), 35(11), pl. 7(3), figs. 1, 2; Buehler, 
1955, p. 57). Yabe’s illustrated transverse section, 
however, appears to show tubules that have been filled 
with skeletal material. 
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Catenipora cf. gotlandica of Klaamann (1966, pp. 
41, 42, fig. 18, pl. 6, fig. 6), from the Juuru Stage of 
Estonia (lower Lower Silurian, Lower Llandovery), is 
most similar to our corallum. It has irregular tabulae, 
some of which have spines on their surfaces, and well- 
developed septal spines, but differs by having smaller 
corallites with dimensions of about 1.7—2.0 mm by 
1.3-1.5 mm (inside?), and smaller intercorallites that 
probably lack infilled tubules. Catenipora gotlandica, 
as described and illustrated by Klaamann (1966, pp. 
42, 43, fig. 19) from the Upper Llandovery of Gotland, 
the Juuru Stage of Estonia, and the Llandovery to Wen- 
lock of Arctic Russia and the Siberian Platform, is less 
similar. It has intercorallites that are short in the di- 
rection of rank extension, and lacks tabular spines. 

Catenipora gotlandica was described and illustrated 
from the mid-Llandovery Brassfield Formation of Ohio 
by Laub (1979, pp. 290-295, pl. 9, fig. 8, pl. 33, figs. 
1, 2, pl. 42, fig. 2). It has smaller corallites than our 
corallum, with dimensions of |—2 mm by 1.2 mm, and 
smaller intercorallites, but has large septa and appears 
to have sporadically developed infilled tubules. 

The corallum we describe here is clearly differenti- 
ated from the other halysitid species occurring in the 
study region by its much larger corallite dimensions 
(Text-fig. 20). Itis identified as Ha/ysites? sp. A because 
of the problems outlined above, and because only one 
fragmentary specimen was found. Halysites? sp. A was 
referred to as Halysites sp. A by Elias and Young (1992, 
fig. 2). 

Occurrence. —Lower Lower Silurian (Lower? Llan- 
dovery, upper Rhuddanian?): Sexton Creek Lime- 
stone, southern Illinois. 

Material described above. —One specimen: UI 
C-1346b, collected by T. E. Savage (labelled ‘*Halysites 
catenulatus’’), Sexton Creek Limestone, Sexton Creek, 
Alexander County, Illinois. 


Genus Catenipora Lamarck, 1816 


Catenipora Lamarck, 1816, p. 206. 
Palaeohalysites Chernyshev, 1941, p. 36. 
Quepora Sinclair, 1955, p. 96. 

[?] Eocatenipora Hamada, 1957, p. 398. 


Type species. —By subsequent designation (Lang ef 
al., 1940, p. 33): Catenipora escharoides Lamarck 
(1816, p. 207); Silurian, Gotland, Sweden. 

Diagnosis. —Halysitidae with circular to elliptical 
corallites arranged in uniserial ranks. Septa consist of 
longitudinal ridges and/or rows of spines; may be ab- 
sent. All or most corallite tabulae are complete. Tu- 
bules are absent. 

Remarks. —The concept of Catenipora used here is 
similar to that of Laub (1979, pp. 288-290). We follow 
him in the synonymization of Palaeohalysites and Que- 


pora, and the questionable synonymization of Eoca- 
tenipora. Problems associated with the distinction of 
Catenipora from Halysites are addressed elsewhere (see 
Discussion under Halysites, p. 67). 


Catenipora lawrencica, new species 
Plate 12, figures 3-11 


Derivation of name.—The species name is derived 
from the type locality, Section 23 (Lawrence Quarry), 
Pontotoc County, Oklahoma. 

Diagnosis. — Catenipora with ranks usually of one to 
four corallites; most rank junctions occur at intercor- 
allites. Tabularium dimensions commonly with length 
0.4-0.7 mm, width 0.3-0.5 mm. Ranks strongly con- 
stricted at intercorallites. Corallite walls thick, septal 
spines common. Tabulae are complete. 

Description of coralla. —Coralla are small, and com- 
monly occur as encrusters on Halysites alexandricus. 
Growth forms cannot be determined since all speci- 
mens are bound in matrix. 

Ranks commonly consist of one to four corallites, 
but are longer in some cases (PI. 12, figs. 5, 10, 11). 
Ranks are broadly curved and strongly constricted at 
intercorallites. They enclose lacunae that are small and 
polygonal to subpolygonal, or elongate, narrow, and 
sinuous in some places. Rank junctions usually occur 
at intercorallites (Pl. 12, fig. 5), but may occur at lateral 
corallite walls (Pl. 12, fig. 10). In transverse section, 
corallites are subelliptical or subovate, with flat or 
rounded ends at intercorallites (Pl. 12, figs. 6, 10, 11). 
They are small, with tabularium dimensions com- 
monly having length 0.4-0.7 mm and width 0.3-0.5 
mm (Table 18). Corallites are straight, curved, or 
slightly geniculate in longitudinal section (Pl. 12, figs. 
3.277) 

Corallite walls are thick, usually 0.1—0.2 mm (Table 
18). Walls are composed of two layers: a thinner, dark 
outer layer and a thicker, pale inner layer (PI. 12, fig. 
9). Microstructure cannot be determined because of 
recrystallization. Intercorallite walls are thin to mod- 
erately thick. In transverse section, the central part of 
an intercorallite in some cases comprises a dark trans- 
verse line (Pl. 12, fig. 9). Septa consist of moderately 
thick spines, with length averaging 19% of corallite 
radius (Table 18); they are common where preserved 
(Pl. 12, fig. 6). In longitudinal section, septal spines are 
arranged in rows (Pl. 12, fig. 3). 

Tabulae are flat, slightly concave or slightly convex, 
and complete (Pl. 12, figs. 3, 7). Spacing is variable 
but moderately close, averaging about 13 tabulae in 5 
mm (Table 18). Tabulae were probably thin prior to 
recrystallization. 

Astogeny and corallite increase. — Most observations 
are based on one serial-sectioned corallum (holotype 


ORDOVICIAN-SILURIAN COLONIAL CORALS: YOUNG AND ELIAS 75 


Text-figure 21.—A-D, Serial transverse sections illustrating corallite increase in a corallum of Catenipora lawrencica; USNM 485780b 
(holotype), Section-interval 23-2 (Lawrence Quarry) (see also Pl. 12, figs. 3-6). Corallite walls and septa are solid, tabulae are finely stippled; 
a rank of Halysites alexandricus is coarsely stippled, a possible corallite of Au/opora is hachured, br = brachiopod shell; scale bar is shown. 
Heights in mm are above an arbitrary datum within a mature part of the corallum; numbers in italics represent individual corallites; an asterisk 
indicates the first appearance of a particular corallite. 


USNM 485780b). Other specimens are used for com- 
parison. 

The protocorallite is not known. The lowest known 
stages of corallum growth have thick-walled, septate 
corallites that are not distinguishable from those oc- 
curring higher up. Ranks in the lower part of the cor- 
allum are short and straight or slightly curved, com- 
monly composed of one to three corallites. They are 
initially spreading and do not join to form lacunae. 
Higher in the corallum, ranks are subparallel, longer 
and more sinuous, commonly having two to four cor- 
allites. Ranks join to surround subpolygonal lacunae 
that become more elongate with height. The shape of 
ranks may vary depending on whether lateral growth 
was blocked by large skeletal grains (Text-fig. 21). In 
longitudinal section, some corallites extend through 
much of the height of the corallum. 

Corallite increase may be interstitial (between adult 
corallites in a rank) or lateral (at the end or side of a 
rank). Interstitial increase apparently occurred through 
fission of the intercorallite wall. New corallites pro- 
duced by interstitial increase are separated by thin walls 
from the adult corallites on either side (Text-fig. 21B, 
C, note corallites 10, 11, 16). In transverse section, 
such new corallites are initially more broadly elliptical, 
and are shorter in the long axis than are adult corallites; 
they expanded rapidly to adult size and shape (Text- 
fig. 21C, D, note corallite 16). 


Lateral increase occurred at the free ends of ranks, 
more rarely at the sides of ranks. At the end of a rank, 
a new corallite appeared through the fission of the end 
wall of the parent individual (Text-fig. 21D, note cor- 
allite 19). The intercorallite wall between the new cor- 
allite and the parent is thin, but of normal appearance. 
New corallites in such locations expanded rapidly, both 
where rank ends were free and where they adhered to 
large skeletal grains (Text-fig. 21C, D). At the side of 
a rank, a new corallite is located beside an intercorallite 
(Text-fig. 21B, corallite 13). 

Partial mortality of colony growth surfaces was not 
observed. A single corallite, however, viewed in lon- 
gitudinal section, exhibits a constriction followed by 
rejuvenation from within the calice (Pl. 12, figs. 3, 4). 

Discussion.—The coralla described above are as- 
signed to a new species, Catenipora lawrencica. This 
is one of the older members of an important group of 
small-corallite Catenipora species that developed dur- 
ing an evolutionary radiation from the latest Ordovi- 
cian through the earliest Silurian. Species in this group 
occur in Asia, central and eastern North America, and 
the Baltic region. All have tabularium dimensions of 
less than 1.5 mm by 1|.2 mm and rank junctions oc- 
curring mostly at intercorallites, and many have well- 
developed septa and polygonal or broad lacunae. Al- 
though the shared characters allow these corals to be 
readily recognized as members ofa group, the literature 
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includes many names for what is probably a limited 
number of species; this prevents the compilation of a 
valid list at present. 

Other than Catenipora lawrencica, the well-docu- 
mented Ordovician members of this group all occur 
in Asia. These include Catenipora (Catenipora?) min- 
ima Yii (1960, pp. 83, 98, pl. 9, figs. 6, 7) from the 
Upper Ordovician of western Zhejiang Province, Chi- 
na, Catenipora zhejiangensis Yu as described by Lin 
and Chow (1977, pp. 160, 161, pl. 40, figs. 2, 3) from 
the Upper Ordovician (Ashgill) of Zhejiang and Jiangx1 
provinces, China, and Catenipora capilliformis Kok- 
scharskaya (in Volkova et al., 1978, pp. 30, 31, pl. 3, 
fig. 1) from the Upper Ordovician Barannskiy Stage of 
southern Verkhoyan, Siberian region, Russia. These 
three species are very similar to one another and may 
be conspecific; they are distinguished from C. lawren- 
cica by their larger corallites with tabularium dimen- 
sions of about 0.6-0.9 mm by 0.5—0.8 mm, and a lower 
degree of constriction at each intercorallite. 

Most of the many small-corallite Catenipora species 
described and illustrated from the Baltic region are 
from the lower Lower Silurian (Upper Llandovery) or 
upper Lower Silurian (Wenlock). Among the few ear- 
lier occurrences, Catenipora escharoides has been listed 
by Aarhus (1982, p. 44) from the latest Ordovician of 
the Oslo region, Norway. It also occurs in the upper 
Rytteraker Formation (Llandovery 7b: Upper Llan- 
dovery, Telychian; Worsley et a/., 1983, fig. 5) and in 
the lower and middle Vik Formation (Llandovery 7c: 
Telychian; Worsley et al., 1983, fig. 5) of Ringerike, 
Norway (Aarhus, 1982, p. 44, pl. 2, fig. 6), and in the 
Lower and Upper Visby beds of Gotland, Sweden (up- 
permost Llandovery—Lower Wenlock; Laufeld and 
Jeppsson, 1976, fig. 4) (Stasinska, 1967, pp. 44, 45, pl. 
3, figs. 5-8). Catenipora escharoides is differentiated 
from C. lawrencica by its much larger corallites with 
tabularium dimensions of about 1.0-1.5 mm by 0.9- 
1.2 mm, much larger septa, and small, regular lacunae. 
Catenipora minuta Stasinska (1967, p. 48, pl. 6, fig. 
2), from the Upper Llandovery of Ringerike (Llan- 
dovery 7), is very similar to C. escharoides and may 
be conspecific with it. 

Another early Baltic species 1s Catenipora arctica 
Chernyshev, as described and illustrated by Klaamann 
(1966, pp. 40, 41, pl. 22, fig. 8) from the Lower Llan- 
dovery Juuru Stage of Estonia. It has thick walls and 
subpolygonal lacunae, but is distinguished from C. 
lawrencica by its larger corallites with tabularium di- 
mensions of 0.8-1.0 mm by 0.54-0.66 mm. Cateni- 
pora arctica also occurs in the Llandovery of Taimyr, 
northern Russia (Klaamann, 1966, p. 41). 


Of the later members of the small-corallite Cateni- 
pora group from the Baltic, the species most similar 
to C. lawrencica is probably Catenipora panga Klaa- 
mann (1961; 1966, pp. 52, 53, pl. 14, figs. 7, 8), from 
the Adavere and Jaani stages of Estonia (Upper Llan- 
dovery—Wenlock). Catenipora panga also has con- 
stricted intercorallites and subpolygonal lacunae, but 
is distinguished from C. /awrencica by its larger cor- 
allites with tabularium dimensions of 0.9-1.1 mm by 
0.7-0.8 mm, and irregular tabulae. Catenipora jarviki 
Stasinska (1967, pp. 47, 48, pl. 2, fig. 1), from the 
Wenlock of Gotland, Sweden (Visby beds?), is also 
similar to C. /awrencica, but has diamond-shaped cor- 
allites that are larger (tabularium dimensions 0.6-0.9 
mm by 0.4—0.5 mm) and arranged in longer ranks. 

Most of the described North American small-cor- 
allite Catenipora species are Late Llandovery or Wen- 
lock. Bolton (1981a, pl. 1, figs. 4, 5), however, illus- 
trated two coralla identified as Catenipora sp. from the 
Ellis Bay Formation of Anticosti Island, Québec (mem- 
ber 5 of Bolton: uppermost Ordovician, Gamachian; 
Petryk, 1981, fig. 4). These specimens possess polyg- 
onal to subpolygonal ranks and constricted intercor- 
allites. They differ from C. /awrencica by having sig- 
nificantly larger corallites with long tabularium di- 
mensions greater than | mm. Other coralla from the 
Ellis Bay Formation, Becscie Formation (Lower Llan- 
dovery, Rhuddanian), and Jupiter Formation (Mid- 
dle—Upper Llandovery, upper Aeronian—Telychian; 
Barnes, 1988, fig. 2) on Anticosti Island were described 
as Halysites catenularia micropora Whitfield by Twen- 
hofel (1928, p. 125). Twenhofel’s material, deposited 
at the Geological Survey of Canada and the Yale Pea- 
body Museum, is unfortunately lost (Bolton, written 
commun., 1991; White, written commun., 1991), but 
his description of corallites less than 1.0 mm by 0.5 
mm suggests that it may have included specimens sim- 
ilar to C. lawrencica. 

Six of the seven specimens of C. /awrencica are from 
the Keel Formation at Section 23 (Lawrence Quarry). 
These are very consistent with one another in most of 
the important morphologic characters, but they differ 
somewhat from the single fragmentary corallum from 
the Bryant Knob Formation at Section 14 (Higgin- 
botham Farm). The latter specimen has larger coral- 
lites (Text-fig. 20), and also appears to have longer and 
thicker septa. These differences may be related to geo- 
graphic and stratigraphic separation, and are not suf- 
ficient to place the specimen from Section 14 in another 
species. Catenipora lawrencica was referred to as Ca- 
tenipora n. sp. A by Elias and Young (1992, fig. 2, 
tables 1, 2). 
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Occurrences.—Uppermost Ordovician (Gamachi- 
an): lower Keel Formation, south-central Oklahoma. 
Lowermost Silurian (?; Lower Llandovery?, lower 
Rhuddanian?): Kissenger Limestone Member, Bryant 
Knob Formation, northeastern Missouri. 

Holotype. —USNM 485780b (PI. 12, figs. 3-6), site 
23iv, interval 23-2 (Brevilamnulella beds), Keel For- 
mation, Section 23 (Lawrence Quarry), Pontotoc 
County, Oklahoma. 

Paratypes.—Two specimens: USNM 485785c (PI. 
12, figs. 7-10), site 23iv, interval 23-2 (Brevilamnulella 
beds), Keel Formation, Section 23 (Lawrence Quarry), 
Pontotoc County, Oklahoma. USNM 485812b (PI. 12, 
fig. 11), interval 14-1, Kissenger Limestone Member, 
Bryant Knob Formation, Section 14 (Higginbotham 
Farm), Pike County, Missouri. 

Other material described above.—Four specimens: 
USNM 485813, site 23i, USNM 485779b, site 231u1, 
USNM 485814, site 23iv, interval 23-2 (Brevilam- 
nulella beds), USNM 485815, collected by R. J. Elias 
and R. J. McAuley in 1983, interval 23a-1 of McAuley 
and Elias (1990, p. 53, fig. 2), Keel Formation, Section 
23 (Lawrence Quarry), Pontotoc County, Oklahoma. 


Order FAVOSITIDA Wedekind, 1937 
Suborder FAVOSITINA Wedekind, 1937 
Superfamily FAVOSITICAE Dana, 1846 

Family FAVOSITIDAE Dana, 1846 

Subfamily FAVOSITINAE Dana, 1846 


ex Favositidae Dana, 1846, p. 116; nom. trans/. Milne-Edwards and 
Haime, 1851, p. 230. 

Palaeofavositinae Sokolov, 1950a, pp. 164, 165. 

Paleofavositinae Sokolov, 1950a; nom. correct. Hill, 1981, p. F546. 


Diagnosis. —Favositidae with septa spinose or ab- 
sent. Longitudinal rows of pores located in wall faces 
and/or in corners. 

Discussion.—The Paleofavositinae was previously 
distinguished from the Favositinae solely on the basis 
of pore position (Hill, 1981, pp. F541, F546); all other 
characters are similar between the nominate genera. 
Since pore form and placement are extremely variable 
within Paleofavosites, however, it is not feasible to 
continue to separate these subfamilies. Members of 
Paleofavosites may possess combinations of mid-wall 
pores, simple corner pores, and solenia (funnel-shaped 
corner pores), and it is probable that the transition 
from this genus to Favosites occurred independently 
in more than one lineage (see Discussion under Paleo- 
favosites, p. 78). 

Most septal spines in Paleofavosites subelongus ap- 


pear to be composed of bundles of subparallel fibers, 
rather than being truly trabecular in form (see Micro- 
structure under P. subelongus, p. 83). This appearance 
supports the observations of Schouppé and Oekentorp 
(1974, p. 167) on favositid septal form, and is not 
consistent with Sokolov’s (1955, p. 28) and Hill’s (1981, 
p. F448) idea that tabulatan septal spines are fine tra- 
beculae. 


Genus PALEOFAVOSITES Twenhofel, 1914 


Calamopora Goldfuss, 1829, p. 77. 

Paleofavosites Twenhofel, 1914, p. 24; 1928, p. 125; Poulsen, 1941, 
p. 20; Stearn, 1956, pp. 59, 60; Hill, 1959, p. 11; Flower, 1961, 
pp. 71-73; Scrutton, 1975, pp. 29, 30; Oekentorp, 1976, p. 165; 
Powell and Scrutton, 1978, pp. 312, 313; Laub, 1979, pp. 259- 
263; Hill, 1981, pp. F546, F547; Scrutton, 1985, p. 34. 

Multisolenia Fritz, 1937, p. 231; Sokolov, 1950b, pp. 221, 222; 
1951b, p. 50; Hill and Stumm, 1956, p. F464; Stearn, 1956, p. 
65; Klaamann, 1964, p. 42; Stel, 1975, p. 61. 

Palaeofavosites Twenhofel, 1914. Lang et a/., 1940, p. 94; Sokolov, 
1950b, p. 216; 1951a, pp. 30, 31; 1951b, p. 12; Hill and Stumm, 
1956, p. F461; Nelson, 1963, p. 51; Sokolov and Tesakov, 1963, 
pp. 39, 40; Klaamann, 1964, p. 5; Stasinska, 1967, p. 66; Oek- 
entorp, 1971, pp. 158, 159; Hall, 1975, p. 86; Stel, 1975, p. 41. 

Mesofavosites Sokolov, 1951b, pp. 59-61; Klaamann, 1964, p. 45; 
Stasinska, 1967, p. 76; Stel, 1975, p. 65. 

Mesosolenia Mironova, 1960, p. 95. 

Priscosolenia Sokolov, 1962, p. 58; Klaamann, 1964, p. 40; Stas- 
inska, 1967, p. 73; Stel, 1975, p. 55. 

Sparsisolenia Stasinska, 1967, p. 74. 


Type species. — By original designation: Favosites as- 
pera @Orbigny (1850, p. 49); Aymestry Limestone 
(lower Upper Silurian, Ludlow), Leinthall Earls, Welsh 
Borderland, U.K. (Powell and Scrutton, 1978, p. 313). 

Diagnosis. —Favositinae with contiguous polygonal 
corallites. Corner pores are characteristic; may be sim- 
ple or take the form of solenia; a simple pore generally 
connects two corallites, may very rarely connect three 
corallites at a triple junction. Mid-wall pores may be 
present. Septa may be absent, or represented by vari- 
ably developed spines arranged in vertical rows. Ta- 
bulae usually complete. 

Discussion. —Twenhofel (1914, p. 24) based his orig- 
inal definition of Paleofavosites on material from An- 
ticosti Island, Québec. He stated that Favosites aspera 
should be the type species because he thought at that 
time that Paleofavosites prolificus (Billings) and Paleo- 


favosites capax (Billings) from Anticosti Island were 


junior synonyms of that species. Although Twenhofel 
(1928, p. 125) later changed this view, stating that P. 
prolificus should be the type species, Paleofavosites as- 
per has been accepted as the type by all subsequent 
workers. This sequence of events is fortunate, since the 
holotype of P. prolificus is now known to be lost (Bol- 
ton, written commun., 1991); the lack of a type for 
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such an important taxon could have caused consid- 
erable confusion. 

Our concept of Paleofavosites follows the broad ap- 
proach to this genus advocated by Stel and Oekentorp 
(1976, pp. 163-173) and Powell and Scrutton (1978, 
pp. 307, 308, 310, 312, 313). Like those authors, we 
consider genera possessing solenia (funnel-shaped cor- 
ner pores) to be junior synonyms of Paleofavosites. 
These genera include Multisolenia, Mesosolenia, Pris- 
cosolenia, and Sparsisolenia. Stel and Oekentorp (1976, 
p. 173) suggested that, although Multisolenia and sim- 
ilar taxa are clearly congeneric with Pa/leofavosites, their 
solenid habit warrants placement in a distinct subge- 
nus. Such a separation may be deemed reasonable in 
the future, but at present relationships among the dif- 
ferent forms are too poorly understood for it to have 
any validity. The proposal by Stel and Oekentorp (1976, 
p. 173) that such a subgenus be named Paleofavosites 
(Desmidopora) should not be followed, as it was based 
on the incorrect interpretation of Desmidopora Nich- 
olson as a subjective synonym of Multisolenia. Des- 
midopora is now considered to be a chaetetid (Stel and 
Oekentorp, 1980, pp. 407, 408; Hill, 1981, p. F515) 
or a sclerosponge (Scrutton, 1987, p. 488). 

Powell and Scrutton (1978, pp. 307, 310) suggested 
that Mesofavosites should be considered a junior syn- 
onym of Paleofavosites. Mesofavosites was initially dis- 
tinguished from Paleofavosites because it possesses both 
corner and mid-wall pores. As Powell and Scrutton 
noted, however, both forms of pore occur in the type 
species of Paleofavosites, and therefore both are char- 
acteristic of that genus. Corals having both corner and 
mid-wall pores are intermediate in evolutionary and 
stratigraphic position between Paleofavosites and Fa- 
vosites, but it is possible that the transition in pore 
character occurred independently in more than one 
lineage at about the same time (Stearn, 1956, pp. 59, 
60; see Paleofavosites subelongus, p. 40; Discussion un- 
der Paleofavosites sp. cf. P. subelongus, p. 91, and un- 
der Paleofavosites adaensis, p. 94). If such parallel evo- 
lution can be clearly demonstrated by future work, then 
it will be necessary either to synonymize Paleofavosites 
with Favosites or to define a new genus or genera based 
on characters other than pore position. 

Our concept of Paleofavosites includes one character 
that was not accepted by some previous authors. Oek- 
entorp and Schouppé (1969, p. 89) and Hill (1981, p. 
F547) stated that each corner pore opens into two cor- 
allites only. The material of P. subelongus that we ex- 
amined includes one specimen that possesses an un- 
equivocal three-way corner pore occurring at a triple 
wall junction (USNM 485877; Pl. 17, fig. 2), and other 
less well-preserved examples that may represent the 
same type of structure. 


Paleofavosites subelongus (Savage, 1913) 
Plate 13, figures 1-11; Plate 14, figures 1-11; 
Plate 15, figures 1-12; Plate 16, figures 1-13; 

Plate 17, figures 1-7 


Favosites subelongus Savage, 1913, p. 64, pl. 3, figs. 9, 10; 1917, p. 
114, pl. 5, figs. 9, 10. 

Calapoecia favositoidea Savage, 1913, pp. 64, 65, pl. 3, figs. 1-3; 
1917, p. 115, pl. 5, figs. 1-3. 

[cf] Palaeofavosites forbesiformis Sokolov, 1951b, pp. 28, 29, pl. 8, 
figs. 1, 2; Stasinska, 1967, pp. 68, 69, pl. 16, figs. la, 1b, table 4. 

[cf] Palaeofavosites prolificus (Billings, 1865). Nelson, 1963, p. 52, 
ple 7s figeS: 

[?] Paleofavosites sp. cf. P. forbesiformis Sokolov, 1951b. Bolton, 
198 1a, pl. 2, figs. 3, 4, pl. 3, figs. 9, 10. 

Paleofavosites subelongus (Savage, 1913). Elias and Young, 1992, 
figs. 3a, 3b; Young and Elias, 1993, pl. 1, figs. 1-4, 11-16. 


Diagnosis. — Paleofavosites with corallites of vari- 
able size; average adult corallite dimensions commonly 
1.0-3.2 mm. Corallites usually have three to eight or 
nine sides. Walls straight, slightly wavy, or broadly 
curved in transverse section. Corner pores common, 
mid-wall pores extremely rare. Septa rod-like or thorn- 
like; of variable length, may be absent. Tabulae thin, 
flat or wavy, slightly concave or convex. 

Description of coralla.—Coralla have low and high 
bulbous (PI. 14, fig. 10), low and high domical (PI. 16, 
fig. 5), and low columnar growth forms (Table 14). Size 
range is 14-77 mm wide and 9-68 mm high. 

In transverse section, corallites are polygons of reg- 
ular or irregular shape. Average corallite dimensions 
are extremely variable, 0.25-3.50 mm; average di- 
mensions of adult corallites are commonly |.0-3.2 mm 
(Table 19). Mean corallite areas on transverse sections 
are about 1-6 mm? (Table 19). Corallites usually have 
three to eight or nine sides, rarely up to 10 or 11 sides 
(Table 19). Distribution of corallite shapes is variable; 
where corallite sizes are regular, most corallites have 
five to seven sides (PI. 15, fig. 7), but where the corallite 
size range is large, adult corallites with seven to nine 
sides are surrounded by small corallites with three or 
four sides (Pl. 15, figs. 11, 12, Pl. 16, fig. 1; see Intra- 
specific variation, below). In longitudinal section, cor- 
allites near the colony axis are straight; those occurring 
laterally are curved away from the axis (PI. 14, fig. 10, 
Pl dos figs. S912): 

Corallite walls are usually straight or slightly wavy 
in transverse section (Pl. 13, figs. 1, 3). Walls may be 
broadly curved or bowed in some places (PI. 13, fig. 
1, Pl. 17, fig. 1). Wall thickness is commonly 0.05- 
0.20 mm (Table 19), and may vary cyclomorphically. 
The wall may appear to undulate between offset septa 
(Pl. 14, fig. 5, Pl. 16, fig. 7). In longitudinal section, 
walls are straight or wavy (Pl. 13, fig. 9, Pl. 14, fig. 3). 
Corner pores are common and irregularly distributed. 
Most corner pores are simple, with diameters com- 
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monly 0.08-0.25 mm (Table 19). The end of a wall 
adjacent to a pore is usually square and bulges slightly 
(Pl. 14, fig. 4, Pl. 16, fig. 11). Corner pores commonly 
have thin pore plates that are straight or are strongly 
curved into the lumina of corallites. Three-way corner 
pores, each connecting three adjacent corallites, occur 
rarely (Pl. 17, fig. 2). Where corallites are smaller, cor- 
ner pores may take the form of solenia (funnel-shaped 
pores; Pl. 13, fig. 4, lower left side). In longitudinal 
section, solenia occur in regular rows. Mid-wall pores 
with diameters of about 0.10 mm occur rarely in a few 
coralla (Pl. 16, fig. 10; see Paleofavosites subelongus, 
p. 40). 

In transverse section, septa are absent (PI. 13, fig. 5, 
Pl. 15, fig. 7) to thick and thorn-like (Pl. 13, fig. 10), 
rod-like with square tips (PI. 14, fig. 9, Pl. 15, fig. 11), 
or long and slender (PI. 14, fig. 5). Septal length is 
variable, commonly up to 25% of corallite radius, but 
may be 50% of radius in newly initiated corallites (Ta- 
ble 19). In coralla with smaller than average corallites, 
septa are commonly rare or absent (PI. 13, fig. 5). Where 
septa are well developed, a corallite contains as many 
septa as its size will allow; up to 37 septa in transverse 
section. In adjacent corallites, septa on opposite sides 
of a wall may be either opposed or alternating. In lon- 
gitudinal section, septa may be straight and upwardly 
directed or horizontal, or may be downcurved adaxi- 
ally; angles of septa in a single corallum may vary 
significantly in longitudinal section (PI. 13, fig. 7, Pl. 
16, fig. 6). Septal spines occur in rows that may change 
in number as septa are inserted with height in a corallite 
(Pl. 15, fig. 9); vertical spacing is 12-30 septal spines 
per 5 mm (Table 19). Septa are variably developed 
between coralla and between areas of a single corallum 
(Pl. 14, fig. 11, Pl. 15, fig. 2); in areas where tabulae 
are closely spaced cyclomorphically, septa may be very 
thick and abundant. 

Tabulae are moderately thin. They are flat, wavy, or 
slightly concave or convex, and may curve upward 
laterally to meet the corallite wall (Pl. 13, fig. 2, Pl. 15, 
fig. 2). They are usually complete, very rarely incom- 
plete (Pl. 16, fig. 12). The shapes of tabulae in trans- 
verse section indicate that they are often crenulate, 
with the arches of crenulations occurring near the cor- 
ners of corallites (Pl. 14, fig. 1). In longitudinal section, 
tabulae are widely spaced, averaging about 4 in 5 mm 
(Table 19). In some coralla, tabular spacing varies cy- 
clomorphically, with pairs of closely spaced and widely 
spaced bands of tabulae averaging 13.5 mm in thick- 
ness (Table 19; Pl. 14, fig. 10, Pl. 16, fig. 12). Tabulae 
are occasionally quite irregular in form, having lobe- 
like axial depressions or subcircular cavities axially (PI. 
14, figs. 2, 7). Tabulae hang from septal spines in some 
places (Pl. 14, fig. 6). They are often thickened where 
they connect with the corallite wall. 


Astogeny and corallite increase.—Descriptions are 
based principally on four serial-sectioned coralla 
(USNM 459074, 459079, 459086, 485865) and one 
serial-sliced corallum (USNM 459080). Other speci- 
mens are used for comparison. 

A full sequence of basal growth can be reconstructed 
in one serial-sectioned corallum (USNM 459086; Text- 
fig. 22). Initially, the protocorallite has a subovate lu- 
men, an irregular external outline, and dimensions of 
0.85 by 0.60 mm; it is thick-walled, apparently aseptate 
(Text-fig. 22A). The protocorallite is probably based 
on an algal grain. At about 0.1 mm above its base the 
protocorallite was joined by a small hysterocorallite; 
rapid offsetting followed, and by 0.5 mm above its base 
the corallum consisted of five corallites (Text-fig. 22B— 
F). Rare septa occur in the first 0.5 mm of the proto- 
corallite; these are short, thick, and node-like. The pro- 
tocorallite grew to a height of 0.7-0.8 mm prior to 
death. In its last complete section the protocorallite is 
oblique to the other individuals and has dimensions 
of 1.55 by 0.95 mm. 

Several phases of lateral expansion and contraction 
occurred before the corallum was able to establish a 
spreading cerioid ‘“‘base” at about 3.5 mm above the 
absolute base of the protocorallite (Text-fig. 22G—N). 
Through this growth phase, corallites have irregular 
shapes and sizes; the corallum axis is small, and di- 
vergence is often marked. Corallites positioned at the 
margins were commonly short-lived. At 3.5 mm above 
the absolute base, the larger corallites have average 
dimensions of about 1.3—1.7 mm, well within the range 
for adult corallites of this species. The corallite walls 
are thick, and septal spines are present. The later de- 
velopment of this corallum is typical of large-corallite 
variants of this species (see /ntraspecific variation, be- 
low). 

Coralla of this species are generally similar in basal 
character, but some significant differences appeared 
quite early in growth. At or near the bases of coralla, 
corallites tend to be small, with average dimensions 
commonly 0.75—1.80 mm. They are aseptate or weakly 
septate, of regular or somewhat variable size, and are 
commonly relatively thick-walled (Pl. 16, fig. 5). In 
coralla that went on to develop large corallites, cor- 
allum bases are broadly divergent; this 1s associated 
with a rapid increase in average corallite dimensions 
during the early growth stages (Pl. 16, fig. 5). In coralla 
of the small-corallite variant (see /ntraspecific varia- 
tion, below), bases are much less divergent, and cor- 
allites near the absolute base already have average cor- 
allite dimensions close to those seen in later stages of 
growth (PI. 14, fig. 10). 

During subsequent growth, corallites in the corallum 
axis continued to expand slowly, with corallite con- 
traction occurring at rare intervals in some specimens. 
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Text-figure 22.—A-N, Serial transverse sections illustrating basal astogeny in a corallum of Paleofavosites subelongus; USNM 459086, 
Section-interval 16-1 (Clinton Spring) (see also Pl. 14, figs. 1-3). Corallite walls are solid, tabulae are stippled, septa are not shown; a probable 
algal grain is cross-hachured, a crinoid columnal is solid-hachured, sediment surrounded by the corallum is dash-hachured; scale bar is shown. 
Section A (0.0 mm) represents the absolute base of the corallum, heights in mm for B-N are above that datum; P is the protocorallite, numbers 
in italics represent individual hysterocorallites; an asterisk indicates the first appearance of a particular hysterocorallite. 


Variability of corallite dimensions on transverse sec- 
tions is commonly quite different between sections 
taken from different heights within a single corallum 
(see Intraspecific variation, below). Walls and septa 


show normal characters of development quite low in 
a corallum, but both tended to change through growth. 
Well defined cyclomorphic variation is rare (see De- 
scription of coralla, above); where it is present, thick- 


82 BULLETIN 347 


Text-figure 23.—Serial transverse sections illustrating corallite increase in Paleofavosites subelongus. A1, A2, Burst of offsetting in a corallum 
where mature corallites are of regular size; USNM 459074, Section-interval 15-1 (Calumet) (see also Pl. 14, figs. 9-11). B1-B7, Corallite 
increase in a corallum having small corallites of relatively regular size, USNM 485865, Section-interval 14-1 (Higginbotham Farm). C1-C7, 
Corallite increase in a corallum having relatively large, dimetric corallites, USNM 459079, Section-interval 14-1 (Higginbotham Farm) (see 
also Pl. 16, figs. 1-6). Corallite walls and septa are solid, tabulae are stippled; scale bar is shown. Heights in mm are above an arbitrary datum 
within the mature, axial part of each corallum; numbers in italics represent individual corallites; an asterisk indicates the first appearance of 
a particular corallite. 


ening of walls and increased density and length of septa 
do not always occur in conjunction with closer spacing 
of tabulae. Single corallites commonly extend through 
most or all of the height of a corallum. Skeletal ele- 
ments occurring at the upper surfaces of coralla are not 
obviously different from those occurring below. 
Corallite increase is intracalicular and peripheral (= 
lateral); each new corallite was produced through the 
development of a wall that closed off a corner or a side 
of the parent corallite (Text-fig. 23; Pl. 14, fig. 1, PI. 
15, fig. 11). Each offset is connected to its parent by 


one or two pores at or immediately above its base. 
New offsets have three or four sides, depending on 
whether the site of increase was in a corner or along a 
wall (Pl. 16, figs. 3, 4); sides were added as corallites 
grew (Young and Elias, 1993). Four-sided offsets are 
most common where mature corallites are more reg- 
ular in size (Pl. 15, figs. 8, 12), whereas three-sided 
offsets predominate in coralla showing more pro- 
nounced dimetrism (Text-fig. 23; Pl. 15, fig. 11). Parent 
corallites were usually relatively large, typically having 
five to eight sides prior to offsetting. Although in many 
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cases the parent corallite cannot be distinguished due 
to plane of sectioning, it seems that new offsets did not 
generally give rise to other offsets except during regen- 
eration following partial mortality of the colony sur- 
face. 

New corallites typically expanded quite slowly (Text- 
fig. 23; see Intraspecific variation, below). Expansion 
rates were highest in coralla having large adult coral- 
lites, and were significantly lower where adult corallites 
were smaller (Young and Elias, 1993). Each new cor- 
allite expanded into space previously occupied by the 
adjacent individuals (Text-fig. 23B1—B7, C1-C7). New 
corallites may be aseptate (Pl. 16, fig. 3) or may have 
very long septa (PI. 16, fig. 11, lower right). The walls 
of three-sided corallites are commonly bowed outward 
(Pl. 14, fig. 8). 

In most coralla there are obvious differences between 
the axis (area of vertical and subvertical growth) and 
the margins (areas of more lateral growth); in some 
coralla there is a clear distinction between these regions 
(Pl. 16, fig. 5). Corallites are usually straight in the axis, 
but they tend to be curved outward in the margins. 
Tabulae are more broadly spaced in the axis than in 
the margins; this is more marked in domical coralla 
than in bulbous ones. Cyclomorphic bands extend 
across the entire corallum. Offsetting was often con- 
centrated in the axis, and particularly at the transition 
between the axis and margins. The relative width of 
the axis and margins reflects corallum growth patterns 
and the shape of the growth surface. A relatively broad 
axis is associated with a tall corallum having short 
growth surfaces. Such coralla tend to have developed 
where basal divergence was restricted, and where adult 
corallites were small. Relatively narrow axes and wider 
margins occur in coralla with more spreading growth 
forms, long growth surfaces, more basal divergence, 
and large corallites (see /ntraspecific variation, below). 

Sediment inclusions representing partial mortality 
of the colony surface occur in many specimens (PI. 16, 
fig. 12). Such inclusions can occur in both marginal 
and axial areas. Above these inclusions, variable pat- 
terns of growth are observed. In some cases, new sub- 
vertical corallites that are slightly smaller than the pre- 
vious adult individuals were initiated across the sur- 
face of a holothecal layer (PI. 15, fig. 6). Such corallites 
are commonly irregular in outline and may be pre- 
dominantly five-sided (Pl. 16, fig. 9); they developed 
normal adult size and appearance during subsequent 
growth. In other examples, corallites occurring lateral 
to an inclusion spread subhorizontally across the in- 
clusion, giving rise to offsets before resuming subvert- 
ical growth (Pl. 16, fig. 12). 

Microstructure. —The wall between any pair of cor- 
allites is composed of three layers: a “dark”? median 


line (see Schouppé and Oekentorp, 1974, fig. 6) bound- 
ed on either side by a radially fibrous layer. The median 
line has a lamellar appearance. It has definite lateral 
boundaries and is usually slender, but its thickness 
varies considerably between coralla depending on pres- 
ervation (PI. 14, figs. 3, 7, Pl. 15, figs. 1, 2, Pl. 16, figs. 
3, 4, 10); it can be darker or paler than the rest of the 
wall. The median line can maintain a consistent thick- 
ness between cyclomorphically thickened and unthick- 
ened parts of a corallum. The fibrous layers of the wall 
are usually buff-colored and consist of fibers that are 
perpendicular to the wall in transverse section, and 
directed upward laterally from the median line at an 
angle from the horizontal of about 30-60° in longitu- 
dinal section (PI. 15, fig. 4). 

Septal spines are usually embedded deep in the fi- 
brous wall, and the fixed part of each septum follows 
the prevailing trend of wall fibers (Pl. 15, fig. 4). They 
are rarely fixed in the median line. Septa are usually 
denser or darker in color than the wall fibers. Most 
septal spines appear to be composed of bundles of 
subparallel fibers, rather than being truly trabecular in 
form. The adaxial parts of septal fibers may be straight, 
following the trend of the septal base (Pl. 13, fig. 7), 
or they may be upcurved or downcurved (PI. 16, fig. 
6). 

Microstructure of tabulae is indistinct. Tabulae are 
embedded in the outermost margin of the fibrous wall, 
and are generally similar in color to that wall. 

Intraspecific variation.—There is great variability 
among the coralla described above. This involves a 
number of characters, including corallite size, poly- 
gonality, wall thickness, septal development, and spac- 
ing of tabulae. 

Frequency distributions of corallite size from indi- 
vidual transverse sections are extremely variable (Text- 
fig. 24A, C, E, G, I, K). Corallites added sides in a 
more or less regular manner as they grew, and fre- 
quency distributions of corallite size and polygonality 
in transverse sections tend to mimic one another (Text- 
fig. 24), although there are exceptions. There is no set 
frequency pattern of corallite size or polygonality for 
any one locality or corallite size range (Text-fig. 24), 
and distributions may vary significantly between trans- 
verse sections from different heights within a single 
corallum (Text-fig. 24E-H). Frequency distributions 
seem to have depended on periodic offsetting, and on 
the slow rate of corallite expansion (see Astogeny and 
corallite increase, above; Paleofavosites subelongus, pp. 
38, 39). The modes on bimodal or polymodal distri- 
butions represent different periods of offsetting. For 
coralla from all localities, those corallites with six and 
more sides show virtually normal size distributions 
(Text-fig. 24A, C, E, G, I, K). 
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Text-figure 24.—Frequency distributions of average corallite dimension (all corallites and those with six and more sides) and polygonality 
for selected coralla of Paleofavosites subelongus. A, B, USNM 485822, Section-interval 31-1 (Thebes North). C, D, USNM 485835, Section- 
interval 15-1 (Calumet). E-H, USNM 459082, Section-interval 14-1 (Higginbotham Farm); E and F near corallum base, G and H higher in 
corallum. I, J, USNM 485855, Section-interval 14-1 (Higginbotham Farm). K, L, USNM 485900, Section-interval 32-1z (Thomson East). 
Each pair of graphs represents the same single transverse section; n = number of corallites (all), c.v. = coefficient of variation for all corallites. 


Although corallite size frequency distributions are 
variable, there is a strong linear relationship between 
the average dimension of all corallites and the average 
dimension of corallites with six and more sides in 
transverse sections of this species (Text-fig. 25A). This 
relationship remains roughly constant with changes in 
corallite size. Also, the variability of corallite size with- 
in coralla does not change with changes in mean size, 
and there is no clear correlation within coralla between 
variability in size of all corallites and of those having 
six and more sides. 

There are some differences in the range of corallite 


size between stratigraphic intervals for which large col- 
lections are available (Text-fig. 25A), and this variation 
is correlated with colony growth form. Coralla having 
domical forms with flat bases tend to have the largest 
corallites, whereas those having bulbous or columnar 
forms with expanding bases tend to have smaller cor- 
allites (see Astogeny and corallite increase, above). Cor- 
alla with the largest average corallite dimensions occur 
in Section-interval 32-1z (Thomson East) (mean ACD 
(6+) = 2.28 mm), where coralla are predominantly of 
high and low domical form (Table 14; Text-fig. 10). 
Coralla from Section-intervals 14-1 (Higginbotham 
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Farm) and 15-1 (Calumet) have somewhat smaller cor- 
allites (mean ACD (6+) = 2.09 mm and 1.99 mm, 
respectively), and coralla from these intervals are of 
mixed high and low domical and bulbous form (Table 
14; Text-fig. 10). Coralla with much smaller corallites 
were collected from Section-interval 31-1 (Thebes 
Norti:) (mean ACD (6+) = 1.35 mm; Text-fig. 25A). 
Unfortunately, data are insufficient to determine 
whether the coralla are predominantly tall in this col- 
lection, but it is noteworthy that the tallest forms of 
Propora thebesensis occur in the same interval. 

There is a correlation between the variabilities of 
average corallite dimension and polygonality (Text-fig. 
25B). Transverse sections having highly variable cor- 
allite sizes are also highly variable in polygonality. The 
variability of average corallite dimension is also cor- 
related with the mean of polygonality (Text-fig. 25C). 
Where the variability of corallite size is great, the mean 
polygonality is often well below 6.0. This suggests that 
an increase in the number of three- and four-sided 
corallites on a surface, due to offsetting, was not quite 
matched by an increase in the number of corallites 
having seven or more sides. Most of the range of mean 
polygonality can occur within single coralla. Each large 
collection shows a considerable range of polygonality, 
and a range of variability in polygonality and average 
corallite dimension (Text-fig. 25B, C). 

Comparisons between coralla in this entire collec- 
tion show that a relationship exists between corallite 
size and the degree of development and thickening of 
skeletal characters. A graph of mean wall thickness 
versus average corallite dimension of adult corallites 
illustrates a positive correlation between these char- 
acters (Text-fig. 26A). Most localities show a broad 
spread of points, but there are differences; walls are 
generally thicker for a given corallite size in Section- 
interval 14-1 than in Section-interval 32-1z. Septal 
length also shows a positive correlation with average 
corallite dimension of adult corallites (Text-fig. 26B). 
Relatively long septa tend to occur only where adult 
corallites are large, but septa may also be absent in 
such circumstances. The diameter of corner pores has 
a linear relationship with average corallite dimension 
of mature corallites (Text-fig. 26C); data for pore di- 
ameter are not as extensive as for wall thickness or for 
length of septa, but there seem to be few differences 
between localities for this character. Wall thickness, 
length of septa, and pore diameter all show a positive 
correlation with one another, as well as being related 
to corallite size. 

Vertical spacing of tabulae does not show any clear 
relationship to corallite size, but does vary with locality 
(Text-fig. 26D). In Section-intervals 14-1 and 15-1, 
spacing of tabulae is generally close but variable, 
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Text-figure 25.—Intercorallum variation in morphologic charac- 
ters of Paleofavosites subelongus, Part 1. A, Relationship between 
average corallite dimension of all corallites and of those having six 
and more sides, for transverse sections from 102 coralla. B, Rela- 
tionship between coefficient of variation (c.v.) of average corallite 
dimension (all corallites) and of polygonality for transverse sections 
from 102 coralla. C, Relationship between c.v. of average corallite 
dimension (all corallites) and mean polygonality for transverse sec- 
tions from 102 coralla. Each data point represents a single thin 
section; solid lines connect sections from different parts of a single 
corallum; H = UI X-878a (holotype). Arbitrary dashed lines in A 
and B were used to derive proportions shown in part of Table 13. 
Symbols for Section and Section-intervals: 0 23-2 and 23-3 (Law- 
rence Quarry); + 31-1 (Thebes North); & 5 km south of Clarksville, 
Missouri; VY 16-1 (Clinton Spring); © 14-1 (Higginbotham Farm); 
© 15-1 (Calumet); A 32-1z (Thomson East); @ all other Section- 
intervals. 
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Text-figure 26.—Intercorallum variation in morphologic charac- 
ters of Paleofavosites subelongus, Part 2. A, Relationship between 
mean wall thickness and average corallite dimension of those having 
six and more sides, for transverse sections from 55 coralla. B, Re- 


whereas it is broader in Section-intervals 31-1 and 32- 
1z, and at 5 km south of Clarksville (Table 12; Text- 
fig. 26D). There is no obvious general relationship be- 
tween spacing of tabulae and colony growth form. 
Spacing of tabulae tends to be closer in marginal parts 
of the corallum than in the axis, and can also vary 
between the base and top of a corallum. This makes 
it difficult to compare corallum means that are in some 
cases based on incomplete specimens. 

Discussion. —The high degree of variability observed 
in the collection described above makes species dis- 
crimination somewhat difficult, since such variation in 
several characters would be sufficient to divide the 
coralla into two to four species according to commonly 
used approaches to favositid systematics. Neverthe- 
less, some features, such as basal morphology and the 
form of septa, walls, and corner pores, are reasonably 
consistent among all the specimens, and certain aspects 
of the variability in other characters support inclusion 
in a single species. First, a significant portion of the 
intercolony variation for each character may be ex- 
hibited by individual coralla. Also, corallum means 
for each of these characters are continuously distrib- 
uted within this collection, and may show a high degree 
of variability within individual stratigraphic intervals. 
Finally, most of these characters show a moderate to 
strong correlation with one another; this interconnec- 
tion suggests that one basic structural design was being 
affected by intraspecific genetic variability and envi- 
ronmental factors. Observations that support this in- 
terpretation are detailed under /ntraspecific variation, 
above. 

Savage (1913, 1917) based Favosites subelongus on 
material collected from the Cyrene Formation near 
Edgewood and from the Bryant Knob Formation at 
Louisiana and 5 km south of Clarksville, Missouri. 
The original description of this species emphasized 
corallites of variable size with dimensions up to 1.5— 
2.0 mm, that have corner pores and seem to lack septa. 
Savage’s holotype (UI X-878a; Pl. 13, figs. 8, 9) and 


_ 


lationship between length of septa as a percentage of corallite radius 
and average corallite dimension of those having six and more sides, 
for transverse sections from 45 coralla. C, Relationship between 
mean pore diameter and average corallite dimension of those having 
six and more sides, for transverse sections from 31 coralla. D, Re- 
lationship between number of tabulae in unit 5 mm and average 
corallite dimension of those having six and more sides, for transverse 
and longitudinal sections from 67 coralla. Each data point represents 
a single thin section or a pair of transverse and longitudinal thin 
sections; solid lines connect sections from different parts of a single 
corallum; H = UI X-878a (holotype). Arbitrary dashed line in A 
was used to derive proportions shown in part of Table 13. Symbols 
for Section and Section-intervals are listed under Text-figure 25. 


ORDOVICIAN-SILURIAN COLONIAL CORALS: YOUNG AND ELIAS 87 


his other illustrated specimen (UI X-878b), both from 
5 km south of Clarksville, are consistent with his de- 
scription. Both have corallites slightly smaller than the 
species mean (mean ACD (6+) = 1.80 mm and 1.94 
mm, respectively; compare with Table 19), short septa, 
thin walls, and widely spaced tabulae (Ta5 = 2.4 and 
3.9, respectively). These features are consistent with 
those of the other material we include in Paleofavosites 
subelongus, but the holotype does not in any way rep- 
resent a species ““mean”’ for most characters. 

In the same publications, Savage (1913, 1917) erect- 
ed Calapoecia favositoidea. This species was listed as 
occurring at exactly the same localities as F. swbelon- 
gus, and was described as having polygonal corallites 
with dimensions of 1.5—2.5 mm, in contact, and walls 
with spiniform ridges. Savage’s diagram ofa transverse 
section and photograph of C. favositoidea (Savage, 1913, 
pl. 3, figs. 1, 3; 1917, pl. 5, figs. 1, 3) show characters 
that are completely consistent with those of Paleofa- 
vosites subelongus, and the two species are considered 
to be synonyms. Savage’s assignment of C. favositoidea 
to Calapoecia was apparently based on his interpre- 
tation of corallite walls exposed in longitudinal section 
as areas of small pores (see Savage, 1913, pl. 3, fig. 2; 
1917, pl. 5, fig. 2). The specimen labelled as the ho- 
lotype of C. favositoidea (UI X-771; Pl. 14, figs. 4-6) 
is not the same as that illustrated by Savage (1913, pl. 
3, fig. 1; 1917, pl. 5, fig. 1); the original specimen is 
apparently lost. All identifiable specimens collected by 
Savage that are labelled as C. favositoidea (UI X-771, 
C-1457, C-1458b-g, and C-1465a, b) are members of 
P. subelongus (see also Pl. 13, figs. 10, 11, Pl. 15, figs. 
LED): 

Among the other described species of Paleofavosites, 
P. subelongus is most similar to Paleofavosites sp. cf. 
P. forbesiformis from the lower part of member | of 
the Becscie Formation on Anticosti Island, Québec 
(lowermost Silurian, Lower Llandovery, lowermost 
Rhuddanian; Melchin ef a/., 1991, p. 1861), as illus- 
trated by Bolton (1981a; unit referred to as member 6 
of the Ellis Bay Formation therein). We examined the 
following specimens, collected by T. E. Bolton in 1957 
and 1958: GSC 66830 (Bolton, 198la, pl. 2, fig. 3), 
66831 (Bolton, 198la, pl. 2, fig. 4), 66839 (Bolton, 
198 1a, pl. 3, fig. 9), and 66840 (Bolton, 198 1a, pl. 3, 
fig. 10). 

Bolton’s specimens of Paleofavosites sp. cf. P. for- 
besiformis are similar to P. subelongus for most char- 
acters, including corallite size, wall thickness, and form 
of pores and septa (biometric data for the Anticosti 
Paleofavosites sp. cf. P. forbesiformis: ACD (all) = 1.32- 
2.16 mm, ACD (6+) = 1.64—2.50 mm, CoA = 1.59- 
4.35 mm’, Pol = 5.8-6.0, WT = 0.100-0.129 mm, LS 
= 4-22%, PoD = 0.114-0.130 mm, Ta5 = 5.6-6.1; 
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Text-figure 27.—Comparison of selected species of Paleofavosites: 
relationship between average corallite dimension of all corallites and 
of those having six and more sides, on transverse sections. Each data 
point represents a single thin section; solid line connects sections 
from different parts of a single corallum. The short-dashed line is 
for a relationship of 1:1; any point along this line represents a section 
on which all corallites are as large as those having six and more 
sides. A long-dashed line surrounds the field of distribution for 102 
coralla of P. subelongus from the east-central United States. Symbols 
for other species: O Paleofavosites sp. cf. P. subelongus; east-central 
United States; n (number of coralla) = 7; © P. adaensis; east-central 
United States; n = 7; O Paleofavosites sp. cf. P. ivanovi; east-central 
United States; n = 2; + Paleofavosites sp. A; east-central United 
States; n = 6; A Paleofavosites sp. cf. P. forbesiformis; Becscie For- 
mation, Anticosti Island, Québec; n = 4; & P. capax; Gun River 
Formation, Anticosti Island, Québec; n = 1; V P. prolificus; Chasm 
Creek Formation, northern Manitoba; n = 1. 


compare with Table 19; see Text-fig. 27). They differ 
from P. subelongus by having wavier walls and more 
crenulate tabulae, and one specimen (GSC 66830) ap- 
pears to have more abundant mid-wall pores than does 
P. subelongus. These species are questionably synon- 
ymized here. 

Palaeofavosites [sic] forbesiformis was originally de- 
scribed and illustrated by Sokolov (1951b) from the 
Juuru Stage of Estonia (Rhuddanian), and was docu- 
mented under the same name from erratic boulders in 
Poland by Stasinska (1967). Their specimens have cor- 
allites with dimensions of 0.5-2.4 mm and 0.6-2.0 
mm, respectively; because they have very thin walls 
and lack septa, and because Stasinska’s (1967, pl. 16, 
fig. la) photograph of a transverse section seems to 
show some mid-wall pores, they are listed with a confer 
in our synonymy. 

The names Paleofavosites prolificus and Paleofavo- 
sites capax, both erected for species originally de- 
scribed from Anticosti Island, have been used by sev- 
eral authors for corals having characters similar to those 
of P. subelongus. Billings (1865, p. 429) proposed Fa- 
vosites prolificus to include specimens from the Vauréal 
Formation (Hudson River Group of Billings: Upper 
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Ordovician, Richmondian; Petryk, 1981, fig. 4) and 
from higher parts of the Anticosti sequence. His de- 
scription of F. prolificus includes corallite diameters of 
about 2 mm (“about | line” in Billings), numerous 
tabulae, and no identifiable septa or mid-wall pores 
(on hand specimens). The following year, Billings (1866, 
p. 6) republished the same description. On the same 
page, he erected Favosites capax to include corals from 
the ‘West end” of Anticosti Island (Vauréal Forma- 
tion?) having corallites with diameters of about 4 mm 
(“about 2 lines” in Billings) with a few smaller indi- 
viduals between them, thin and flat tabulae, and corner 
pores. Both of these original descriptions are sufficient- 
ly general that they could refer to several different taxa. 
Unfortunately, the type material of both species has 
been lost (Bolton, written commun., 1991), and both 
P. prolificus and P. capax require extensive re-assess- 
ment. This uncertain status makes comparisons diffi- 
cult. 

Later works dealing with corals from several for- 
mations on Anticosti Island have used the species 
names prolificus and capax. These include studies by 
Twenhofel (1914, p. 24; 1928, pp. 125-127), Bolton 
(198 1a, pl. 1, fig. 8, pl. 9, fig. 10), and Lee and Noble 
(1990, pp. 257-272, figs. 1-14, tables 1, 2). None, how- 
ever, has described or illustrated these species in suf- 
ficient detail to permit satisfactory comparisons. From 
the available information, it is probable that some of 
the Anticosti specimens referred to P. prolificus are 
very similar to P. subelongus. Also similar is a speci- 
men of P. capax from the lower part of member 5 of 
the Ellis Bay Formation (uppermost Ordovician, Ga- 
machian; Petryk, 1981, fig. 4), illustrated by Bolton 
(1981a, pl. 1, fig. 8; member 5 therein). It has short 
septa and crenulate tabulae, but its corallites with adult 
dimensions of 3.2-4.0 mm are somewhat larger than 
those of P. subelongus. Other material is quite different; 
specimens of P. capax illustrated by Bolton (1980, pl. 
2.7, fig. 4) from the Ellis Bay Formation and by Bolton 
(198la, pl. 9, fig. 10) from the Gun River Formation 
(Middle Llandovery, lower Aeronian; Barnes, 1988, 
fig. 2) have large corallites, thin walls that have some 
mid-wall pores, and very rare short septa (see Discus- 
sion under Paleofavosites sp. cf. P. ivanovi, p. 95, for 
biometric data on the Gun River specimen). Bolton’s 
(1980, pp. 22, 25, pl. 2.7, figs. 1, 5, 6) P. capax from 
the Burmingham Member of the White Head For- 
mation near Percé, Québec (Upper Ordovician, Ash- 
gill, pre-Hirnantian; see Skidmore and Lespérance, 
1981, p. 38; Lespérance et al., 1987, fig. 4), has large 
corallites with adult dimensions of 3.3-4.0 mm, thin 
walls, and some mid-wall pores. 

Corals from other parts of North America have been 
described as P. prolificus and P. capax by several au- 


thors. Like the Anticosti Island material, all of them 
require detailed re-study. Corals referred to P. proli- 
ficus are generally the most similar to P. subelongus. 
Stearn (1956, p. 60, pl. 4, fig. 1, pl. 10, fig. 13) described 
and illustrated as P. prolificus corals from the Stony 
Mountain Formation (Upper Ordovician, Richmon- 
dian; Sweet, 1979, fig. 4), Stonewall Formation (up- 
permost Ordovician—Rhuddanian; Sweet, 1979, p. 54, 
fig. 4; Johnson and Lescinsky, 1986, fig. 2), Inwood 
Formation (Aeronian; Johnson and Lescinsky, 1986, 
fig. 2), and East Arm Formation (Upper Llandovery, 
Telychian; Johnson and Lescinsky, 1986, fig. 2) of 
southern Manitoba. These are described as having cor- 
allites with uniform dimensions of about 2.3 mm, cor- 
ner pores, rare mid-wall pores, and short septal spines; 
Stearn’s illustrations show coralla that seem to have 
much more densely spaced tabulae and more abundant 
mid-wall pores than does P. subelongus. Stearn (1956, 
p. 61, pl. 10, fig. 12) also described P. capax from the 
upper members of the Stony Mountain Formation and 
from the Stonewall Formation. This has much larger 
corallites with adult dimensions of about 3.8 mm, very 
thin walls, and rare or absent septa. 

Nelson (1963) described Palaeofavosites [sic] proli- 
ficus from members | and 2 of the Chasm Creek For- 
mation, Hudson Bay Lowland, northern Manitoba 
(Richmondian; see Elias, 1991, fig. 3). We examined 
Nelson’s illustrated specimen, which he collected in 
1950 (GSC 10329); it is very similar to P. subelongus, 
having moderately thin-walled, regular-sized corallites 
that appear to lack septa and have corner pores only 
(biometric data: ACD (all) = 1.74 mm, ACD (6+) = 
1.79 mm, CoA = 2.74 mm’; see Text-fig. 27). It is 
listed with a confer in our synonymy. Nelson (1963, 
pp. 52-53, pl. 7, fig. 4) also documented Palaeofavo- 
sites [sic] capax from member | and the upper member 
of the Caution Creek Formation and from the Chasm 
Creek Formation, Hudson Bay Lowland, northern 
Manitoba (all Richmondian; see Elias, 1991, fig. 3). 
This species is very different, having very large mature 
corallites with dimensions of about 4-5 mm. 

Paleofavosites sp. cf. P. capax was described but not 
illustrated by Pandolfi (1985, pp. 28, 29) from the Up- 
per Ordovician Lost Canyon and Floride members of 
the Ely Springs Dolomite of Nevada and Utah. This 
material is distinguished from P. suwbelongus by its larg- 
er corallites with dimensions of 1.5—4.2 mm. 

Laub (1979, pp. 263-271, pl. 9, figs. 1-5, pl. 29, figs. 
3, 4, pl. 39, figs. 1, 3) described a P. prolificus from the 
mid-Llandovery Brassfield Formation of Ohio and 
possibly of Indiana and Kentucky. This species is not 
very similar to P. subelongus. It has corallites of regular 
size with dimensions of about 1.0-1.5 mm and, ac- 
cording to the description, possesses corner pores only. 
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One illustration (Laub, 1979, pl. 29, fig. 4), however, 
shows common mid-wall pores in some parts of a cor- 
allum. 

Another species similar to P. subelongus is Paleo- 
favosites nodosus Poulsen (1941, p. 22, pl. 4, figs. 4— 
6), from the Offley Island Formation of north Green- 
land (Upper Llandovery). The latter species has cor- 
allites of variable size, the larger ones with dimensions 
of about 2.0-2.5 mm, and has corner pores only. The 
illustrations are not sufficiently clear for more detailed 
comparisons. 

Among the other species occurring in the uppermost 
Ordovician and lowermost Silurian of the east-central 
United States, P. swhelongus shares some characters 
with Paleofavosites sp. cf. P. subelongus, Paleofavosites 
sp. cf. P. ivanovi, and Paleofavosites sp. A. Compari- 
sons are included in the Discussion under each of those 
species. 

Occurrences. —Uppermost Ordovician (Gamachi- 
an): lower Keel Formation, south-central Oklahoma; 
Leemon Formation, southern Illinois. Uppermost Or- 
dovician (Gamachian) to lowermost Silurian (?; Lower 
Llandovery?, lower Rhuddanian?): Cyrene Formation, 
northeastern Missouri. Uppermost Ordovician (?; Ga- 
machian?) to lowermost Silurian (Lower Llandovery, 
lower Rhuddanian): Wilhelmi Formation, northeast- 
ern Illinois; lower Mosalem Formation, northwestern 
Illinois. Lowermost Silurian (?; Lower Llandovery?, 
lower Rhuddanian?): unnamed member and Kissenger 
Limestone Member, Bryant Knob Formation, north- 
eastern Missouri. 

Possibly in lowermost Silurian (Lower Llandovery, 
lowermost Rhuddanian): lower part of member 1, Bec- 
scie Formation, Anticosti Island, Québec. 

Holotype. —UI X-878a (Savage, 1913, pl. 3, fig. 10; 
Savage, 1917, pl. 5, fig. 10; Pl. 13, figs. 8, 9), collected 
by T. E. Savage (labelled ‘“‘Favosites subelongus, Silu- 
rian, Edgewood [Formation], 3 mi. S. of Clarksville, 
Mo.”), Bryant Knob Formation, 5 km south of Clarks- 
ville, Pike County, Missouri. 

Other material described above.—144 specimens: 
USNM 485785a, site 23iv, interval 23-2 (Brevilam- 
nulella beds), USNM 458776, 485816, site 231, inter- 
val 23-3, Keel Formation, Section 23 (Lawrence Quar- 
ry), Pontotoc County, Oklahoma; USNM 485817, in- 
terval 21-1b, Ideal Quarry Member, Keel Formation, 
Section 21 (Rock Crossing), Carter County, Oklahoma; 
USNM 485818-485823, interval 31-1, Leemon For- 
mation, Section 31 (Thebes North), Alexander County, 
Illinois; USNM 485824485826, interval 18-1, un- 
named member, USNM 485827, interval 18-2, Kis- 
senger Limestone Member, Bryant Knob Formation, 
Section 18 (Kissenger), Pike County, Missouri; UI 
X-878b, C-1466a, collected by T. E. Savage (labelled 


‘“*Favosites subelongus, Edgewood [Formation], 3 mi. 
S. of Clarksville, Mo.’’), UI C-1462b, collected by T. 
E. Savage (labelled “Lyellia thebesensis, Edgewood 
[Formation], 3 mi. S. Clarksville, Mo.”’), UI C-1465a, 
C-1465b, collected by T. E. Savage (labelled ‘‘Cala- 
poecia favositoidea, Edgewood [Formation], 3 mi. S. 
Clarksville, Mo.’’), Bryant Knob Formation, 5 km south 
of Clarksville, Pike County, Missouri; USNM 459086, 
485828, interval 16-1, Kissenger Limestone Member, 
Bryant Knob Formation, Section 16 (Clinton Spring), 
Pike County, Missouri; UI X-771, collected by T. E. 
Savage (labelled “‘Calopoecia [sic] favositoidea, Edge- 
wood [Formation], Louisiana’’), Bryant Knob For- 
mation, Louisiana, Pike County, Missouri; USNM 
459074, 485829-485835, 485836a—, interval 15-1, 
Kissenger Limestone Member, Bryant Knob Forma- 
tion, Section 15 (Calumet), Pike County, Missouri; 
USNM 459078, 459079-459081, 459082, 48581 2a, 
485837-485856, 485857a, 485857b, 485858a-d, 
485859-485873, interval 14-1, Kissenger Limestone 
Member, Bryant Knob Formation, Section 14 (Hig- 
ginbotham Farm), Pike County, Missouri; USNM 
485874, 485875, interval 13-0, Cyrene Formation, 
Section 13 (Bowling Green), Pike County, Missouri; 
UI C-1457, collected by T. E. Savage (labelled ‘‘Ca- 
lapoecia favositoidea, Edgewood [Formation], near 
Edgewood, Mo.”’), UI C-1458b-g, collected by T. E. 
Savage (labelled ‘“Calapoecia favositoidea, Edgewood 
Ls., near Edgewood, Mo.”’), Cyrene Formation, near 
Edgewood, Pike County, Missouri; USNM 485876, 
485877, interval 37-1, Wilhelmi Formation, Section 
37 (Essex), Kankakee County, Illinois; UI C-162a, 
C-162b, collected by T. E. Savage (labelled “‘Favosites 
subelongus, Edgewood Is., [locality] A-1C’’), UI C-1592, 
collected by T. E. Savage (labelled ‘*Favosites subelon- 
gus, | mi. below Channahon ls. otc.’’), Wilhelmi For- 
mation, 3.2 km south of Channahon, Will County, 
Illinois; USNM 485878, 485879, 485880a, 485880b, 
48588 1-485926, interval 32-1z, Mosalem Formation, 
Section 32 (Thomson East), Carroll County, Illinois. 


Paleofavosites species cf. P. subelongus 
(Savage, 1913) 
Plate 17, figures 8-12 


Description. —Coralla have low domical and low and 
high bulbous growth forms (Table 14). Size range is 
31-43 mm wide and 20 to more than 30 mm high. 

In transverse section, corallites appear as polygons 
of regular or slightly irregular shape (PI. 17, figs. 9, 11). 
Average corallite dimensions are variable, 0.4-3.0 mm; 
average dimensions of adult corallites are commonly 
1.5—2.6 mm (Table 19). Mean corallite areas on trans- 
verse sections are about 2-4 mm? (Table 19). New 
corallites have three or four sides; sides were added 
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Text-figure 28.— Frequency distributions of average corallite dimension (all corallites and those with six and more sides) and polygonality 
for two coralla of Paleofavosites sp. cf. P. subelongus. A, B, USNM 485930, C, D, USNM 485932, both from Section-interval 32-1c (Thomson 
East). Each pair of graphs represents the same single transverse section; n = number of corallites (all), c.v. = coefficient of variation for all 


corallites. 


with growth, and mature individuals commonly have 
up to eight or nine sides, rarely up to 12 sides (Table 
19). On most transverse sections, a considerable degree 
of variability of corallite shapes and sizes occurs (PI. 
17, figs. 9, 11; see Intraspecific variation, below). In 
longitudinal section, corallites are straight, or may be 
gently curved away from the colony axis. 

Corallite walls are straight or broadly curved (PI. 17, 
fig. 9). Walls appear to be thin to moderately thick, 
but thickness and structure could not be accurately 
determined due to poor preservation. Corner pores and 
mid-wall pores are both rare to common (PI. 17, figs. 
8, 11). Corner pores are simple, with diameters of 0.1- 
0.2 mm (Table 19). The end of a wall adjacent to a 
corner pore is often square and bulges slightly. Mid- 
wall pores have diameters of about 0.1—0.2 mm. 

In transverse section, septa are short (Pl. 17, fig. 9) 
to moderately long and thorn-like, or absent (PI. 17, 
fig. 11). They are slightly upturned adaxially, and often 
have thickened bases. Tabulae are thin; flat, wavy, or 
slightly convex or concave (PI. 17, figs. 10, 12). They 
are usually complete, rarely incomplete. Tabulae are 


often quite broadly spaced, averaging about five in 5 
mm (Table 19); in some coralla, tabular spacing shows 
marked periodicity, with distinct horizontal bands 
having much denser spacing of tabulae. 

Intraspecific variation. —This collection shows quite 
a high degree of variability in corallite size and poly- 
gonality. Corallite size-frequency distributions on 
transverse sections show one or more modes (Text-fig. 
28A, C). For coralla having bimodal or polymodal 
distributions, adult corallites with six and more sides 
show a virtually normal distribution under the largest 
mode. In one corallum, the frequency distribution for 
polygonality roughly parallels that for corallite dimen- 
sions (Text-fig. 28C, D). Such a relationship is not 
apparent in another specimen because the size mode 
representing adult individuals is spread more evenly 
among corallites having six to nine sides (Text-fig. 28A, 
B). 

Average corallite dimensions for all corallites and 
for those corallites with six and more sides on trans- 
verse sections show a positive correlation (Text-fig. 27, 
Paleofavosites sp. cf. P. subelongus). There is a con- 
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siderable degree of variation in these characters among 
the seven measured coralla; the most disparate trans- 
verse section is from a corallum for which a second 
section plots close to those for the other coralla. 

Discussion.—The coralla described above are simi- 
lar to the older Paleofavosites subelongus (latest Or- 
dovician-earliest Silurian) in all characters except mid- 
wall pores, which are rare in P. subelongus but are 
common in this collection. For that reason, and be- 
cause of poor preservation, these specimens are iden- 
tified as Paleofavosites sp. cf. P. subelongus. They are 
especially similar to the coralla of P. subelongus oc- 
curring lower in the Mosalem Formation at the same 
locality, Section 32 (Thomson East) (Pl. 17, figs. 4-7; 
see Text-figs. 25A, 27). As described elsewhere (see P. 
subelongus, p. 40), mid-wall pores have not been seen 
in definitely Ordovician members of P. suwbelongus, but 
appear in the earliest Silurian. The increased abun- 
dance of this character through time seems to represent 
a phyletic trend, and Paleofavosites sp. cf. P. subelongus 
probably evolved from P. subelongus. 

See the Discussion under P. subelongus (pp. 87-89) 
for comparisons with other species. 

Occurrence. —Lower Lower Silurian (Lower Llan- 
dovery, upper Rhuddanian): upper Mosalem Forma- 
tion, northwestern Illinois. 

Material described above.—Nine specimens: USNM 
485927485935, interval 32-1c, Mosalem Formation, 
Section 32 (Thomson East), Carroll County, Illinois. 


Paleofavosites adaensis, new species 
Plate 18, figures 1-11 


Derivation of name.—This species is named for the 
town of Ada, Oklahoma, which is 12 km north-north- 
east of the type locality. 

Diagnosis. — Paleofavosites with large corallites, adult 
average corallite dimensions commonly 3.2-5.5 mm; 
corallite sizes and shapes often regular. Walls thin. 
Corner pores and mid-wall pores both rare to common. 
Septa absent or consisting ofrare, short spines. Tabulae 
often crenulate, of variable form, complete or incom- 
plete. Coralla commonly have basal holothecae. 

Description of coralla.—Two measured coralla are 
tabular (Table 14), 45-125 mm wide and 7-20 mm 
high. Other coralla are broken, but appear to have had 
low domical and bulbous growth forms. 

In transverse section, corallites are polygonal, often 
of regular size (Pl. 18, fig. 5). Average corallite dimen- 
sions are 0.6-5.8 mm, average dimensions of adult 
corallites are commonly 3.2—5.5 mm (Table 19). Mean 
corallite areas on transverse sections are about 8-17 
mm~? (Table 19). Corallites have three to 10 sides (Ta- 
ble 19). Distribution of corallite shapes depends on 
variability of average corallite dimensions; in most 


transverse sections, the majority of corallites have reg- 
ular sizes and have five to seven sides (Pl. 18, fig. 5); 
in other sections, large corallites with eight or nine sides 
are interspersed in places with small individuals having 
three or four sides (PI. 18, fig. 9; see Intraspecific vari- 
ation, below). In longitudinal section, corallites are 
straight or gently curved, occasionally geniculate. 

Corallite walls are straight, slightly curved, or wavy 
in transverse section (Pl. 18, fig. 5). Walls are usually 
thin, but thickness is variable, commonly 0.025-0.075 
mm (Table 19). In longitudinal section, walls are wavy 
(Pl. 18, figs. 4, 10). Corner pores and mid-wall pores 
are both rare to common. Corner pores are simple, 
commonly with diameters of 0.1-0.3 mm (Table 19). 
In some cases the free end of the wall adjacent to a 
corner pore is rounded (PI. 18, fig. 8). Mid-wall pores 
are arranged in one or two vertical rows per wall: di- 
ameters are about 0.15—0.30 mm. The end of a wall 
adjacent to a mid-wall pore may be slightly rounded 
(Pl. 18, fig. 7) or square. Septa are generally absent; 
short spinose septa occur rarely in some coralla (PI. 
18, fig. 3). 

Tabulae are thin, crenulate, slightly convex, con- 
cave, or irregular, and complete or incomplete (PI. 18, 
figs. 3, 4, 10). Tabulae often have abaxial upward de- 
flections near the wall. Tabular spacing varies among 
localities; spacing may be very close or quite broad, 
averaging about five tabulae in 5 mm (Table 19). Ta- 
bulae may appear as partial or complete rings in trans- 
verse section, or their crenulate margins may appear 
as a series of arcuate lines. 

Astogeny and corallite increase.—Descriptions are 
based largely on a single serial-sectioned corallum 
(USNM 485937). Other specimens are used for com- 
parison. 

The absolute base of the serial-sectioned corallum 
is unknown. In other specimens, corallites may extend 
upward from broad basal holothecae, or there may be 
a small group of corallites that apparently grew from 
a single point prior to the expansion of a basal hol- 
otheca (Pl. 18, figs. 2, 3). In some cases the basal hol- 
otheca has short spines on its upper surface (PI. 18, fig. 
2). Corallites are large and regular in the lowest known 
parts of the serial-sectioned corallum (see [ntraspecific 
variation, below). During subsequent growth, cyclo- 
morphic variation is represented mostly by changes in 
spacing of tabulae (Pl. 18, figs. 4, 10); there is little 
variation in thickening of skeletal elements with height 
in a corallum. In most specimens, some corallites ex- 
tend through most or all of the height of a corallum. 
Dense tabular spacing occurs at the uppermost surfaces 
of some coralla. 

Corallite increase is intracalicular and peripheral. 
Offsets are generally rare in mature parts of each cor- 
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Text-figure 29.— Frequency distributions of average corallite dimension (all corallites and those with six and more sides) and polygonality 
for two coralla of Paleofavosites adaensis. A, B, USNM 485937 (paratype), Section-interval 35-1 (Henry House Falls). C, D, UI C-1351, 
Alexander County, Illinois. Each pair of graphs represents the same single transverse section; n = number of corallites (all), c.v. = coefficient 


of variation for all corallites. 


allum, but may be locally common. Most new offsets 
have four sides, and each was initiated along one wall 
of the parent corallite. Three-sided offsets are rarer; 
each was initiated in a corner of the parent corallite. 
Groups of offsets occur where a colony regenerated 
following partial mortality. Such offsets can have four 
or five sides; walls that are not in contact with other 
corallites are curved (Pl. 18, fig. 6). All offsets added 
sides as they grew. 

Coralla show some lateral spreading, but much 
growth was regular and vertical. Offsetting is concen- 
trated at the absolute corallum margins, and in zones 
of regeneration following partial colony mortality (PI. 
18, fig. 6); in both locations, considerable areas tend 
to be covered by offsets only. Zones of partial mortality 
are often represented by sediment inclusions within 
the corallum (PI. 18, fig. 4); regeneration was accom- 
plished through the expansion of a holotheca across a 
sediment inclusion, with new corallites being initiated 
across the upper surface of the holotheca. Bands of 
very dense tabular spacing often occur immediately 
below and adjacent to sediment inclusions (PI. 18, fig. 
4). Since much corallum growth was vertical, there is 
little character variation between the axis and margins. 


Microstructure. —The wall between each pair of cor- 
allites is composed of three layers: a dark median line 
bounded on either side by a paler radially fibrous layer 
(Pl. 18, figs. 5, 7, 8). The median line appears to have 
a lamellar microstructure and has definite lateral 
boundaries. It is usually slender, but may thicken 
slightly at wall junctions. The fibrous wall layers consist 
of fibers that are perpendicular to the wall in transverse 
section, and are perpendicular or directed upward lat- 
erally from the median line at angles of up to 30° in 
longitudinal section. 

The holotheca consists of an inner fibrous layer and 
a darker, apparently lamellar outer (basal) layer (PI. 
18, fig. 2). Fibers in the fibrous layer are oriented ap- 
proximately perpendicular to the holotheca. In one 
corallum, short fibrous spines project upward from the 
fibrous layer (Pl. 18, fig. 2). The darker outer layer is 
about the same thickness as the dark median line in a 
corallite wall, and has a similar texture and appearance 
to that of the dark line. 

Microstructure of tabulae is indistinct. Lateral mar- 
gins of tabulae are embedded in the outer fibrous wall. 

Intraspecific variation.— Analysis of variation was 
limited by the small number of specimens available. 
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There is little variation between coralla or between 
localities in several characters, including septal devel- 
opment, wall thickness, and form of pores. Other char- 
acters, such as corallite size and spacing of tabulae, are 
obviously different between localities (see below). 

In general, frequency distributions for transverse 
sections above the basal part of each corallum show a 
predominance of adult corallites (Text-fig. 29A, C). 
This reflects the concentration of most offsetting at or 
near the base of each corallum. The slight differences 
in distribution of average corallite dimensions between 
the two coralla in Text-figure 29 reflect variations in 
growth pattern. Virtually all offsetting in a tabular cor- 
allum (Text-fig. 29A) was basal, but in a corallum that 
apparently had a bulbous form later offsetting also oc- 
curred (Text-fig. 29C). Distributions of corallite po- 
lygonality (Text-fig. 29B, D) parallel those for average 
corallite dimension, reflecting the addition of sides to 
corallites as they expanded. There is also a positive 
correlation between the average dimension of all cor- 
allites and the corallite dimension of those having six 
or more sides on the same transverse section (Text-fig. 
Dili): 

Variation in these and some other characters is dis- 
tinctly related to locality. Specimens from Section-in- 
terval 23-5 (Lawrence Quarry) are similar to those from 
the Sexton Creek Limestone in southern Illinois (UI 
C-1347, C-1351). Coralla from both collections show 
somewhat variable corallite size distributions in con- 
junction with widely spaced tabulae (see Pl. 18, figs. 
1, 3, 9, 10); growth forms are bulbous or domical. 
Coralla from Section-interval 35-1 (Henry House Falls) 
are different, having regular corallite size distributions 
and densely spaced tabulae (Pl. 18, figs. 4, 5); their 
growth forms are tabular (see Paleofavosites adaensis, 
p. 40). 

Discussion. — These coralla are assigned to a new spe- 
cies, Paleofavosites adaensis. This species is an early 
member of a group of large-corallite favositids similar 
to Favosites gothlandicus Lamarck. Members of this 
group occur from the earliest Silurian (earliest Llan- 
dovery) until the early Late Silurian (Ludlow), and 
possible members occur both earlier and later. Position 
of pores varies within this group, but other characters 
are quite consistent. These include thin walls, short 
septa, and corallites of large size and regular size dis- 
tribution. 

Some of the Ordovician corals described as Paleo- 
favosites capax are similar to members of this group. 
The most similar is Bolton’s (1980, pp. 22, 25, pl. 2.7, 
figs. 1, 5, 6) material from the Burmingham Member 
of the White Head Formation near Percé, Québec (Up- 
per Ordovician, Ashgill, pre-Hirnantian; see Skidmore 
and Lespérance, 1981, p. 38; Lespérance ef al., 1987, 


fig. 4). It has adult corallites with dimensions of 3.3- 
4.0 mm, thin walls, and some mid-wall pores, and lacks 
septal spines, but differs from P. adaensis by having 
much more abundant small corallites on transverse 
sections. Other corals referred to P. capax are listed in 
the Discussion under P. subelongus (pp. 87, 88). 

Among other Early Llandovery species, P. adaensis 
is most similar to Paleofavosites sp. of Bolton (1981b, 
pl. 1, fig. 3), from the Clemville Formation of the 
southern Gaspé Peninsula, Québec (Lower—Middle 
Llandovery, Rhuddanian-lower Aeronian; Nowlan, 
1983, fig. 2, termed Rhuddanian—Idwian therein). Bol- 
ton’s species has similar thin-walled corallites of reg- 
ular size, but these are slightly smaller with dimensions 
of about 2.5—3.3 mm, and appear to have corner pores 
only. 

Another similar species is Palaeofavosites [sic] 
oelaensis Klaamann (1959, p. 259, pl. 2, figs. 3, 4), 
from the Juuru Stage of Estonia (Rhuddanian), also 
described and illustrated by Stasinska (1967, p. 71, pl. 
14, figs. la, 1b, table 4) from Spirodden, Asker district 
of Norway (Llandovery 6ca: lower Aeronian; upper 
Solvik Formation?; Worsley et a/., 1983, fig. 5). Klaa- 
mann’s and Stasinska’s coralla have corallites with di- 
mensions of 2.6—4.2 mm and 1.5—4.2 mm, respective- 
ly, and possess both mid-wall and corner pores. They 
differ from P. adaensis by apparently having common, 
short septal spines, and corallites that may have vari- 
able sizes and shapes in transverse section. Favosites 
ingens Klaamann (1962, pp. 162, 163, pl. 5, figs. 1, 2) 
from the Adavere Stage of Estonia (Upper Llandovery, 
Telychian), also described and illustrated by Stasinska 
(1967, pp. 80, 81, pl. 20, figs. 1-4) from the Upper 
Llandovery of Ringerike and Malmoy, Norway (Series 
7), has mid-wall pores only, and large corallites with 
dimensions of about 4.0-8.0 mm. 

Copper (1978, pl. 10, figs. 4, 5) illustrated a coral 
identified as Favosites sp. from the Fossil Hill For- 
mation of Manitoulin Island, Ontario (Telychian; Brett 
et al., 1991, fig. 5). This species has large, thin-walled 
corallites with regular dimensions of about 5-6 mm. 
Pores could not be recognized in the photographs, but 
the assignment to Favosites suggests that it lacks the 
corner pores characteristic of P. adaensis. 

Palaeofavosites [sic] asper var. maxima Chernyshev 
(1937, p. 84, pl. 6, fig. 5) from the Upper Silurian of 
Novaya Zemlaya has also been described and illus- 
trated as Palaeofavosites [sic] maximus by Kokschar- 
skaya (in Volkova et al., 1978, pp. 41, 42, pl. 9, figs. 
la, 1b) from the Kuranakhinskiy Horizon of Ver- 
khoyan, Siberia (Lower—Middle Llandovery). Cher- 
nyshev’s material has corallites of regular size with 
diameters of about 4—5 mm, and weak septa, but other 
features are difficult to determine. Kokscharskaya’s 
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specimens have corallites with dimensions of 3.5—4.2 
mm, and some mid-wall pores, but they are distin- 
guished from P. adaensis by having non-crenulate ta- 
bulae, thicker walls, and small corallites that are more 
abundant. 

The neotype of Favosites gothlandicus, from the 
Mulde Marl of Gotland, Sweden (upper Lower Silu- 
rian, Upper Wenlock), was described and illustrated 
by Jones (1936, pp. 8, 9, pl. 1, figs. 1, 2) and by Lafuste 
and Tourneur (1988, pp. 189-198, figs. 1-4, pl. i, figs. 
1-4, pl. 2, figs. 1-3). This corallum is somewhat similar 
to P. adaensis, having corallites of regular size with 
thin walls and lacking septa, but has smaller corallites 
with dimensions commonly 2.0-2.7 mm and some- 
times up to 3.2 mm, and mid-wall pores only. Many 
of the other Late Llandovery, Wenlock, and Ludlow 
corals that have been assigned to F. gothlandicus by 
various authors bear some similarity to P. adaensis, 
but all are distinguished from it by their lack of corner 
pores. The true nature of all material previously de- 
scribed as F. gothlandicus presents a substantial tax- 
onomic problem that is outside the scope of the present 
study. 

Within the group of large-corallite favositids similar 
to F. gothlandicus, a transition in position of pores 
occurred through time. The earliest species, including 
P. adaensis, are members of Paleofavosites possessing 
only corner pores or a combination of corner and mid- 
wall pores. Later species have exclusively mid-wall 
pores and belong to Favosites. It is quite possible that 
the change in pore position in this lineage occurred 
independently from parallel changes taking place in 
other favositids. 

Among the other species occurring in the east-central 
United States, P. adaensis is most similar to Paleofa- 
vosites sp. cf. P. ivanovi. The latter species occurs in 
the Bowling Green Dolomite of west-central Illinois 
and northeastern Missouri, and is of approximately 
equivalent age to P. adaensis (i.e., late Rhuddanian). 
It is distinguished from P. adaensis by its smaller cor- 
allites (see Text-fig. 27; Table 19), less regular corallite 
size distributions on transverse sections, and much 
rarer mid-wall pores. 

Paleofavosites adaensis was listed by Elias and Young 
(1992, fig. 2) as Paleofavosites n. sp. A, and by Young 
and Elias (1993) as Paleofavosites n. sp. 

Occurrences. — Lower Lower Silurian (Lower Llan- 
dovery, upper Rhuddanian): upper Mosalem Forma- 
tion, northwestern Illinois. Lower Lower Silurian 
(Lower? Llandovery, upper Rhuddanian?): Cochrane 
Formation, south-central Oklahoma; Sexton Creek 
Limestone, southern Illinois. 

Holotype. —USNM 485936 (Pl. 18, figs. 1-3), site 


231, interval 23-5, Cochrane Formation, Section 23 
(Lawrence Quarry), Pontotoc County, Oklahoma. 

Paratype. —USNM 485937 (PI. 18, figs. 4-8), inter- 
val 35-1, Cochrane Formation, Section 35 (Henry 
House Falls), Carter County, Oklahoma. 

Other material described above.—Six specimens: 
USNM 485938, site 231, interval 23-5, Cochrane For- 
mation, Section 23 (Lawrence Quarry), Pontotoc 
County, Oklahoma; USNM 485939, 485940, interval 
35-1, Cochrane Formation, Section 35 (Henry House 
Falls), Carter County, Oklahoma; UI C-1347, C-1351, 
collected by T. E. Savage (labelled “‘Favosites favosus 
Goldfuss, Sexton Creek [Formation], Alexander Co., 
Ill.”’), Sexton Creek Formation, Alexander County, II- 
linois; USNM 485941, interval 10-3, Mosalem For- 
mation, Section 10 (Lost Mound), Jo Daviess County, 
Illinois. 


Paleofavosites species 
cf. P. ivanovi Sokolov, 195la 
Plate 19, figures 1-7 


[cf] Palaeofavosites ivanovi Sokolov, 1951a, pp. 37, 38, pl. 3, figs. 
2, 3; Sokolov and Tesakov, 1963, p. 43, pl. 2, figs. 1, 2. 
[?] Paleofavosites capax (Billings, 1866). Bolton, 198 la, pl. 9, fig. 10. 


Description. —Growth form can be examined in one 
corallum (USNM 485942). It has a low domical form, 
and is more than 27 mm wide and 19 mm high. 

In transverse section, corallites are usually regular 
polygons (PI. 19, fig. 1). Average corallite dimensions 
are variable on each transverse section (Text-fig. 30A): 
overall range is 0.50-4.25 mm; average dimensions of 
adult corallites are commonly 2.7-4.0 mm (Table 19). 
Mean corallite areas on transverse sections are about 
5-6 mm? (Table 19). Corallites may have three to ten 
sides (Table 19); shapes are variable on each transverse 
section, reflecting the variability of average dimensions 
(Pl. 19, figs. 1, 7; see Text-fig. 30A, B). Corallites at 
the colony margin have flat outlines where they are in 
contact with other individuals, but are curved on their 
free sides (Pl. 19, fig. 2). In longitudinal section, cor- 
allites curve gently away from the colony axis (PI. 19, 
fig. 6). 

Corallite walls are straight or curved in transverse 
section, rarely wavy (PI. 19, fig. 4). Walls are thin, 0.05— 
0.10 mm thick (Table 19); thickness is regular. In lon- 
gitudinal section, walls are straight or wavy (Pl. 19, 
figs. 3, 6). Corner pores are moderately common; they 
are simple, with diameters of 0.075—0.175 mm (Table 
19). The end ofa wall adjacent to a pore may be square. 
Corner pores usually have thin pore plates that are 
straight or are broadly curved into corallite lumina. 
Mid-wall pores located a short distance in from the 
wall corner occur in a few corallites. 
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Septa are generally absent, but short, slender septal 
spines are developed locally in zones that show slight 
cyclomorphic thickening. In longitudinal section, spines 
are straight, and are directed slightly upward adaxially 
(Pl. 19, fig. 6). Average length of septa is 4% of corallite 
radius (Table 19). Tabulae are moderately thin, flat or 
wavy, and may have lobe-like axial depressions (PI. 
19, figs. 3, 6). They are usually complete. Some tabulae 
are crenulate, appearing as curved plates along the cor- 
allite wall in transverse section (Pl. 19, fig. 4). Tabulae 
are very widely spaced, about two in 5 mm (Table 19). 

Discussion. — These coralla are comparable to Pa- 
laeofavosites [sic] ivanovi from the Upper Ordovician 
of the west slopes of the Urals (Sokolov, 1951a), and 
from the Upper Ordovician (mid—upper Ashgill) Bur- 
skiy Horizon (Bur Formation; Kanygin ef a/., 1988, p. 
11) of the Siberian Platform (Sokolov and Tesakovy, 
1963). As described and illustrated, P. ivanovi has cor- 
allites of variable size, the larger ones with dimensions 
of about 2.5-3.5 mm, and appears to have only rare, 
short septa. It differs from our coralla by having thicker 
walls, tabulae that are generally more densely spaced, 
and larger corner pores. Specimens from the east-cen- 
tral United States are therefore identified as Paleofa- 
vosites sp. cf. P. ivanovi. 

Our material is very similar to, and is questionably 
synonymized with a corallum from the Gun River For- 
mation of Anticosti Island, Québec (lower Lower Si- 
lurian, Middle Llandovery, lower Aeronian; Barnes, 
1988, fig. 2), illustrated as Paleofavosites capax by Bol- 
ton (198la). We examined that specimen, collected by 
Bolton in 1975 (GSC 66875); like Paleofavosites sp. 
cf. P. ivanovi, it also has corallites of variable size, short 
and rare septa, thin walls, and broadly spaced crenulate 
tabulae, but differs by having more abundant mid-wall 
pores and smaller corallites (biometric data: ACD (all) 
= 1.92 mm, ACD (6+) = 2.63 mm, CoA = 3.85 mm’, 
Pol = 6.1, WT = 0.106 mm, LS = 0%, Ta5 = 1.4; 
compare with Table 19; see Text-fig. 27). 

Other similar species include Palaeofavosites [sic] 
alveolaris (Goldfuss) and Palaeofavosites [sic] spirod- 
densis Stasinska, as documented by Stasinska (1967, 
pp. 67, 72, table 4, pl. 15, figs. 2, 3a, 3b, 4a—c) from 
the Llandovery Series 6 of Norway (Lower—Middle 
Llandovery, Rhuddanian-lower Aeronian; Worsley et 
al., 1983, fig. 5, termed Rhuddanian—Idwian therein). 
These species have corallites of variable size, crenulate 
tabulae, and short, thin septa; they may be conspecific 
with one another. They differ from Paleofavosites sp. 
cf. P. ivanovi by having smaller corallites with dimen- 
sions of about 2.5—3.0 mm, and more densely spaced 
tabulae. Palaeofavosites [sic] alveolaris (Lonsdale), as 
described and illustrated by Nelson (1963, pp. 51, 52, 
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Text-figure 30.—Frequency distributions of average corallite di- 
mension (all corallites and those with six and more sides) and po- 
lygonality for one corallum of Paleofavosites sp. cf. P. ivanovi. A, B, 
USNM 485943, Section-interval 17-la (Clarksville). Both graphs 
represent the same transverse section; n = number of corallites (all), 
c.v. = coefficient of variation for all corallites. 


pl. 7, fig. 9) from member 3 and the upper member of 
the Caution Creek Formation and from members 1 
and 2 of the Chasm Creek Formation of northern Man- 
itoba (Upper Ordovician, Richmondian; see Elias, 
1991, fig. 3), is quite different, having corallites of reg- 
ular size and shape (see Discussion under Paleofavosites 
sp. A, p. 96). 

Among the other species occurring in the uppermost 
Ordovician and lowermost Silurian of the east-central 
United States, Paleofavosites sp. cf. P. ivanovi has some 
similarities to both the older Paleofavosites subelongus 
and to Paleofavosites adaensis, which is of approxi- 
mately equivalent age. Paleofavosites subelongus also 
tends to have corallites of variable size, but these are 
somewhat smaller than those of Paleofavosites sp. cf. 
P. ivanovi (Text-fig. 27) and have thicker walls and 
longer, more abundant septa. Paleofavosites adaensis 
is similar to Paleofavosites sp. cf. P. ivanovi in having 
thin walls and septa that are weak or absent, but has 
larger corallites (Text-fig. 27) that are usually of regular 
size, and more abundant mid-wall pores. 
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Text-figure 31.—Frequency distributions of average corallite di- 
mension (all corallites and those with six and more sides) and po- 
lygonality for one corallum of Paleofavosites sp. A. A, B, USNM 
485947, Section-interval 6-1 (Plaines West). Both graphs represent 
the same transverse section; n = number of corallites (all), c.v. = 
coefficient of variation for all corallites. 


Occurrences. —Lower Lower Silurian (Lower Llan- 
dovery, upper Rhuddanian): Bowling Green Dolomite, 
northeastern Missouri and west-central Illinois. 

Possibly in lower Lower Silurian (Middle Llandov- 
ery, lower Aeronian): Gun River Formation, Anticosti 
Island, Québec. 

Material described above. —Two specimens: USNM 
485942, interval 36-1, Bowling Green Dolomite, Sec- 
tion 36 (Indian Creek), Calhoun County, Illinois; 
USNM 485943, interval 17-1a, limestone facies at base 
of Bowling Green Dolomite, Section 17 (Clarksville), 
Pike County, Missouri. 


Paleofavosites species A 
Plate 19, figures 8-12 


Description. —Coralla have tabular and low domical 
growth forms (Table 14). Size range is 47-115 mm 
wide and 14-40 mm high. 

In transverse sections, corallites appear as polygons 
of regular or slightly irregular shape (PI. 19, figs. 9, 11). 
The overall range of average corallite dimensions is 
0.55-2.82 mm, adult corallites commonly have av- 


erage corallite dimensions of 2.0—2.7 mm (Table 19). 
Mean corallite areas on transverse sections are about 
3-4 mm? (Table 19). On transverse sections, most cor- 
allites have regular sizes and have five to seven sides; 
corallites may rarely have up to nine sides (PI. 19, figs. 
9, 11; Text-fig. 31A, B; Table 19). Offsets are relatively 
rare, and commonly have three or four sides; sides 
were added during growth. There is little variation 
among the studied coralla in average corallite dimen- 
sions (Text-fig. 27). In longitudinal section, corallites 
are straight or slightly curved. 

Corallite walls are straight or gently curved in trans- 
verse section (Pl. 19, fig. 9). Walls are thin; 0.050- 
0.125 mm thick (Table 19). Walls are straight or wavy 
in longitudinal section (Pl. 19, figs. 10, 12). Corner 
pores are simple, and mid-wall pores may occur, but 
poor preservation prevents detailed observation. Septa 
are generally absent (Table 19); short, thick septal spines 
occur rarely. Tabulae are strongly crenulate; concave 
in corallite corners, and at midpoint of wall in large 
corallites (Pl. 19, fig. 8). Spacing of tabulae is variable, 
averaging about four in 5 mm (Table 19). In some 
coralla, spacing of tabulae shows well-developed cy- 
clomorphic variation; in one corallum, pairs of closely 
spaced and widely spaced bands average 18.5 mm in 
thickness (Table 19; Pl. 19, fig. 12). 

Discussion. —These coralla are identified as Paleo- 


favosites sp. A; their poor preservation prevents a def- 


inite specific assignment and makes comparisons with 
other species difficult. They are probably most similar 
to Palaeofavosites [sic] argutus Ivanov (1950, p. 14, pl. 
3, figs. 1, 2) from the Upper Ordovician of the Urals, 
also described and illustrated by Sokolov and Tesakov 
(1963, pp. 40, 41, pl. 1, figs. 1, 2) from the Upper 
Ordovician of the Siberian Platform. Both of those 
studies described corals with corallite dimensions of 
about 2.0-2.5 mm. It is difficult to determine details 
from Ivanov’s illustrations; Sokolov and Tesakov’s 
material has corallites of regular size with a very similar 
appearance to those of Paleofavosites sp. A, but may 
have thicker walls. 

Paleofavosites sp. A is also similar to Palaeofavosites 
[sic] alveolaris as described and illustrated by Nelson 
(1963, pp. 51, 52, pl. 7, fig. 9) from member 3 and the 
upper member of the Caution Creek Formation and 
from members | and 2 of the Chasm Creek Formation 
of northern Manitoba (Upper Ordovician, Richmon- 
dian; see Elias, 1991, fig. 3). Nelson’s material has 
corallites of regular size and apparently lacks septa, but 
the corallites are slightly larger (dimensions of about 
2.5-3.0 mm) than those in our specimens, and the 
tabulae are described as flat, not crenulate. Paleofa- 
vosites sp. A is not similar to the Palaeofavosites [sic] 
alveolaris described and illustrated by Stasinska (1967, 
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p. 67, pl. 15, figs. 2, 3a, 3b, table 4) from the Llandovery 
Series 6 of Norway (lower Lower Silurian, Lower—Mid- 
dle Llandovery, Rhuddanian-lower Aeronian; Wor- 
sley et al., 1983, fig. 5, termed Rhuddanian-Idwian 
therein) (see Discussion under Paleofavosites sp. cf. P. 
ivanovi, p. 95). 

Paleofavosites sp. A is somewhat similar to, and may 
have been descended from, the older Paleofavosites 
subelongus, which occurs in the uppermost Ordovician 
and lowermost Silurian of the east-central United 
States. It is distinguished from P. subelongus by its 
regular-sized, large corallites, generally thinner walls 
and rare or absent septa, and typically lower growth 
forms. 

Occurrence. — Lower Lower Silurian (Lower—Middle 
Llandovery, upper Rhuddanian-lowermost Aeroni- 
an): Elwood Formation, northeastern Illinois. 

Material described above. —Eight specimens: USNM 
485944, 485945, interval 5-2, Elwood Formation, Sec- 
tion 5 (Schweizer North), Will County, Illinois; USNM 
485946485951, interval 6-1, Elwood Formation, Sec- 
tion 6 (Plaines West), Will County, Illinois. 


Order AULOPORIDA Sokolov, 1947 


Superfamily AULOPORICAE 
Milne-Edwards and Haime, 1851 


Family AULOPORIDAE 
Milne-Edwards and Haime, 1851 


Genus AULOPORA Goldfuss, 1829 
Aulopora Goldfuss, 1829, p. 82. 


Type species.—By subsequent designation (Milne- 
Edwards and Haime, 1850, p. Ixxvi): Aulopora serpens 
Goldfuss (1829, p. 82, pl. 29, fig. 1b); Middle Devo- 
nian, Bensberg of the Eifel District, Germany. 

Diagnosis. —““Corallum reptant, low, commonly ad- 
herent; corallites cornute, joined in linear chains or 
anastomosing; calices slightly raised above substrate, 
conical or barrel-shaped; walls moderately thick; septal 
spinules present or absent; tabulae commonly absent, 
or sparse and oblique; increase basal-lateral; offsets 
originate on calical surface of wall” (Hill, 1981, p. 
F631). 


Aulopora species A 
Plate 20, figures 1-10 


Description. —Coralla are reptant in form, umbellif- 
erous in places, and small (Text-fig. 32B). Both of the 
specimens from Section 23 (Lawrence Quarry) appear 
to include several small coralla comprising only one 
or a few corallites. In thin section, corallites are rarely 
observed to be connected with one another (see Pl. 20, 
figs. 1, 7, 10); most appear to be immature. In some 
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Text-figure 32.—Intraspecific variation in Au/opora sp. A. A, Ta- 
bularium and corallite size-frequency distributions; specimen USNM 
485785d, Section-interval 23-2 (Lawrence Quarry). n = number of 
corallites, c.v. = coefficient of variation. B, Relationship between 
tabularium diameter and corallite diameter in specimens from the 
east-central United States and comparative material of Aulopora 
from Anticosti Island, Québec. Each data point represents a single 
corallite except as otherwise stated. Symbols for specimens: 1 USNM 
485780d, Section-interval 23-2 (Lawrence Quarry); n (number of 
corallites) = 5; HB USNM 485785d, Section-interval 23-2 (Lawrence 
Quarry); n = 24 (two corallites plot at the point labelled ‘*2”); © 
USNM 485952, Section-interval 37-1 (Essex); n = 2; x GSC 111438, 
Ellis Bay Formation, Anticosti Island, Québec; n = 2. 


cases, it is not possible to determine spatial relation- 
ships due to extreme variation in orientation of the 
encrusted substrates. Coralla often encrust other skel- 
etons, including those of Halysites alexandricus and 
calcareous algae (Pl. 20, fig. 1). 

In transverse section, corallites are subcircular or 
subovate in shape (PI. 20, figs. 5, 8, 9). Tabulanum 
and corallite diameters are both variable; the former 
are 0.30-—1.85 mm, the latter 0.70—2.35 mm (Table 20). 
In longitudinal section, corallites are commonly short; 
five measured individuals are about |.6—8.0 mm long. 
They may be moderately or highly curved, occasionally 
geniculate (Pl. 20, figs. 2, 10). Basal parts and lower 
sides of corallites conform to the shapes of their sub- 
strates (Pl. 20, figs. 1-4). Corallites generally expanded 
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Table 20.—Biometric data for Aulopora sp. A from the east-central United States. TaD = tabularium diameter, CoD = corallite diameter, 
WT = wall thickness, LS = length of septa; s.d. = standard deviation, c.v. = coefficient of variation. 


data TaD 
mean 0.85 mm 
range of specimen means 0.53-1.22 mm 
s.d. of specimen means 0.35 mm 
c.v. of specimen means 41.2 
minimum 0.30 mm 
maximum 1.85 mm 
mean intraspecimen c.v. 54.6 
no. of specimens studied 3 


rapidly following initiation; this occurred both in sep- 
arated, single corallites and in corallites that were pro- 
duced by offsetting (Pl. 20, figs. 1, 2). 

Corallite walls are of variable thickness, thick to very 
thick, about 0.2—0.4 mm (Table 20). Each wall is com- 
posed of two layers. The outer layer is darker, thin or 
very thin, and appears to have a lamellar structure. 
The inner layer is paler and thicker, and is concentri- 
cally lamellar in transverse section (Pl. 20, fig. 6). In 
longitudinal section, lamellae of the inner layer may 
have a wavy appearance (PI. 20, fig. 3). 

Septa are spinose, thorn-like with thickened bases, 
and slightly upward-directed in longitudinal section 
(Pl. 20, figs. 3, 6). They are usually sparsely distributed, 
but may be absent or common in individual corallites 
(Pl. 20, figs. 2, 5, 7). Septa are usually short, with 
lengths averaging 11% of tabularium radius (Table 20). 
Septa are the same color as the lamellar inner wall, 
and their structure appears to extend from that of the 
wall. Tabulae are very rare, thin, subhorizontal or 
slightly convex. 

Intraspecific variation. — Although only three speci- 
mens are known, there is considerable intraspecific 
variability in size and in development of skeletal ele- 
ments (Table 20). A frequency distribution of tabu- 
larium and corallite diameters for what appear to be 
several small coralla in one specimen from Section 23 
(Lawrence Quarry) shows a majority of small corallites, 
with a gradual decrease in numbers with increased size 
(Text-fig. 32A). This is consistent with the interpre- 
tation that most corallites are immature (see also Au- 
lopora sp. A, p. 40). 

A graph of tabularium diameter versus corallite di- 
ameter shows that the relationship between these char- 
acters is consistent between all specimens (Text-fig. 
32B). The specimen from Section 37 (Essex) has cor- 
allites that are in the same size range as the larger 
corallites from Section 23 (Lawrence Quarry). The dis- 
continuity in the data between large and small coral- 
lites (Text-fig. 32B) is probably an artifact of the small 


parameters 

CoD WT LS 

1.48 mm 0.312 mm 11% 
0.95-2.05 mm 0.185-0.412 mm 0-22% 

0.55 mm 0.116 mm 16% 
37.2 SED 141.4 

0.70 mm 0.150 mm — 

2.35 mm 0.725 mm - 

31.4 DID - 

3 3 2 


sample size. There are no obvious differences between 
specimens or localities in other characters, including 
corallite shape, wall thickness, and form of septa and 
tabulae. 

Discussion. —As a group, Ordovician and Silurian 
members of Au/opora are poorly understood. In most 
cases, species have been described only where external 
surfaces are preserved in three dimensions, with an 
emphasis on characters such as branching pattern and 
form of epitheca; internal structures of most are not 
known (Scrutton, 1990, p. 61). Since auloporids are 
morphologically extremely simple, this leaves very few 
points of reference that would permit comparison of 
those species with thin-sectioned material such as de- 
scribed here. As noted by Webby (1977, p. 175), there 
has been confusion between Aulopora and “gregarious 
commensal” forms of the family Cornulitidae Fisher, 
which includes problematic conoidal shells. This con- 
fusion was caused by the examination of external sur- 
faces only, since the vesicular wall structure of cor- 
nulitids (Fisher, 1962, p. W137, fig. 78) is quite dif- 
ferent from the lamellar structure of auloporids. Two 
of the specimens described above are from the Keel 
Formation of south-central Oklahoma, a unit in which 
problematic conoidal shells of the family Tentaculi- 
tidae Walcott are also known to occur. The latter are 
easily distinguished in thin section by their longitu- 
dinally striate walls with parallel fibrous structure. 

The coralla described above are identified as Aulo- 
pora sp. A; they are not assigned to a new species 
because only a few specimens are known and aspects 
of colony growth are poorly understood. Among other 
species of comparable age, Au/opora sp. A is probably 
most similar to Au/opora ellisensis Twenhofel (1928, 
p. 124, pl. 2, fig. 14), from the upper part of member 
3 of the Ellis Bay Formation on Anticosti Island, Que- 
bec (zone 4 of Twenhofel: uppermost Ordovician, Ga- 
machian; Petryk, 1981, fig. 4). We examined the ho- 
lotype of A. ellisensis, which was collected by Twen- 
hofel (YPM 20501). It consists of two corallites ex- 
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posed in three-dimensions; these are geniculate, rapidly 
expanding, about 6 to more than 7 mm long, with 
diameters of about 1 mm, thin walls at the calice rims, 
and smooth epithecae. Two other auloporid corallites 
in a specimen from Anticosti that we examined are 
also similar to Aulopora sp. A (GSC 111438; collected 
by A. A. Petryk in 1983, from a bioherm in member 
7 of the Ellis Bay Formation at Point Laframboise). 
These corallites are smaller than those of Au/opora sp. 
A. They have lamellar walls, thick spinose septa, and 
the following measured characters: TaD = 0.10-0.35 
mm, CoD = 0.70-0.75 mm, WT = 0.20-0.25 mm, LS 
= 0-50% (compare with Table 20; see Text-fig. 32B). 

Two older species have characters similar to those 
of Aulopora sp. A. One is Aulopora (?) trentonensis 
Winchell and Schuchert (1895, p. 95, pl. G, figs. 26- 
28), from the “Trenton Shales” of Minnesota (Decorah 
Shale according to Bassler, 1950, p. 15), which are of 
Middle Ordovician, Rocklandian to Shermanian age 
(Sloan, 1987, fig. 2.6). It has rapidly expanding cor- 
allites about 2 mm long and | mm in diameter, but 
these apparently lack septal spines and tabulae. The 
other species is Aulopora walliensis Webby (1977, p. 
175, pl. 8, figs. 1-7), from the upper Cliefden Caves 
Limestone of central-western New South Wales, Aus- 
tralia (Ordovician, Caradoc; Webby et a/., 1981, pl. 1). 
It has corallites with diameters of 1.6—2.2 mm and 
walls that are 0.2-0.4 mm thick. However, it is distin- 
guished from Au/opora sp. A by its parallel, close- 
spaced, almost fasciculate corallites, and by its appar- 
ently specialized mode of life as a commensal on bra- 
chiopod shells. 

Among younger species that share some characters 
with Au/opora sp. A is Aulopora sp. of Bolton (198 la, 
pl. 10, fig. 7), from the Jupiter Formation of Anticosti 
Island (lower Lower Silurian, Middle—Upper Llandov- 
ery, upper Aeronian—Telychian; Barnes, 1988, fig. 2). 
Aulopora sp. has corallite diameters of about 1.0-1.5 
mm and has a reptant growth form, but few other 
features can be determined. Au/opora assueta Klaa- 
mann (1966, pp. 66, 67, 93, pl. 21, figs. 4, 5), from the 
Adavere Stage of Estonia (Upper Llandovery), has 
thick-walled corallites with diameters up to 2 mm and 
lengths of 4.5—5.0 mm, that may be reptant or upright. 
Aulopora assueta has weak septa, but it differs from 
Aulopora sp. A in lacking tabulae. Aulopora enodis 
Klaamann (1966, pp. 67, 68, 94, pl. 19, figs. 8, 9, pl. 
21, fig. 1), from the Jaagarahu Stage of Estonia (upper 
Lower Silurian, mid-Wenlock), has a reptant form, cor- 
allites that are 4-6 mm long, and short septa, but its 
corallite diameters of 0.7—1.0 mm are somewhat small- 
er than is typical of Aulopora sp. A. 

Occurrences.—Uppermost Ordovician (Gamachi- 
an): lower Keel Formation, south-central Oklahoma. 


Uppermost Ordovician (?; Gamachian?) to lowermost 
Silurian (Lower Llandovery, lower Rhuddanian): Wil- 
helmi Formation, northeastern Illinois. 

Material described above.—Three specimens: USNM 
485780d, 485785d, site 23iv, interval 23-2 (Brevilam- 
nulella beds), Keel Formation, Section 23 (Lawrence 
Quarry), Pontotoc County, Oklahoma; USNM 485952, 
interval 37-1, Wilhelmi Formation, Section 37 (Essex), 
Kankakee County, Illinois. 


Order TETRADIIDA Okulitch, 1936 
Family TETRADIIDAE Nicholson, 1879 
Genus RHABDOTETRADIUM Sokolov, 1955 
Rhabdotetradium Sokolov, 1955, p. 247. 


Type species.—By original designation: Rhabdote- 
tradium nobile Sokolov (1955, p. 248, pl. 57, figs. 1- 
4); Dolborskaya Horizon (Dolbor Formation: Upper 
Ordovician, lower Ashgill; Kanygin ef al., 1988, pp. 
11, 12), Siberian Platform. 

Diagnosis. —Tetradiidae with phaceloid coralla. 
Corallites prismatic to subcircular in outline. Increase 
quadripartite, corallites diverged after increase. Ta- 
bulae rare or absent. (After Hill, 1981, p. F522.) 

Remarks. — Rhabdotetradium was erected by Soko- 
lov (1955) to include phaceloid tetradiid species; such 
corals had previously been placed by Bassler (1950, 
pp. 279-283) in his “‘Tetradium syringoporoides 
Group.” Sokolov’s distinction of tetradiid genera has 
since been disputed by Webby and Semeniuk (1971, 
pp. 249-251), who argued that growth style was not a 
valid discriminator, and that Rhabdotetradium and the 
other genera of Sokolov should be considered junior 
synonyms of Tetradium Dana. As Hill (1981, p. F521) 
pointed out, however, ecophenotypic aspects of tetra- 
diid growth have not been sufficiently investigated. At 
present, we prefer to maintain the separation of these 
genera. 


Rhabdotetradium species A 
Plate 20, figures 11-17 


Description of coralla. — All material is fragmentary, 
so it is not possible to determine larger scale aspects 
of colony form. Coralla have branching growth forms; 
each branch is composed of a single corallite except in 
portions representing corallite increase. 

In transverse section, corallites are subcircular to 
subquadrate or diamond-shaped in outline (PI. 20, figs. 
11-14). They are small, with corallite diameters of 
0.40-0.80 mm and tabularium diameters of 0.25-0.65 
mm. Walls are moderately thin, 0.05—0.10 mm thick. 
Walls have a radially fibrous microstructure. Corallites 
not undergoing increase have four triangulate, appar- 
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ently laminar septa with slender tips (PI. 20, figs. 12— 
14). Lengths of septa are generally about 25% of the 
corallite radius. Longitudinal sections of corallites can- 
not be prepared from the available material. 

Corallite increase.—Increase was axial, quadripar- 
tite, and complete. Prior to division, septa of the parent 
corallite increased in length to form complete parti- 
tions that meet at the axis (PI. 20, fig. 15). The cham- 
bers formed by partitioning developed into four small, 
subcircular, contiguous, apparently aseptate corallites 
with corallite diameters of about 0.40-0.45 mm (PI. 
20, fig. 16). 

With continued vertical growth, these contiguous 
corallites developed into separate, broadly divergent, 
subcircular corallites (Pl. 20, fig. 17). Adjacent indi- 
viduals with corallite diameters of 0.30-0.40 mm are 
0.075 mm apart, and opposite individuals are 0.175 
mm apart. At this diameter, corallites possess short, 
stubby septa with lengths of about 0.05 mm; these 
septa are oriented so that they point toward the ad- 
jacent corallites. 

Discussion. — These coralla are identified as Rhab- 
dotetradium sp. A; a specific name is not assigned be- 
cause of the small number and fragmentary nature of 
specimens. The occurrence of this species in the up- 
permost Ordovician (Gamachian) of North America 
is important because it is among the youngest known 
tetradiids worldwide, and it bears a strong resemblance 
to some other species of similar age. From the nature 
and location of the specimens of Rhabdotetradium sp. 
A, it is very unlikely that they were weathered out of 
older Ordovician rocks and redeposited in the Leemon 
Formation. Matrix within the calices and between cor- 
allites is identical in appearance to common Leemon 
lithologies, and the corallites are not severely abraded. 
Tetradiids are not known from the underlying Girar- 
deau Limestone (uppermost Ordovician, Gamachian) 
and Orchard Creek Shale (Upper Ordovician, Rich- 
mondian). From the Blackriveran (Middle Ordovi- 
cian) Plattin Limestone of Cape Girardeau, Missouri, 
Bassler (1950, pp. 14, 281) listed Tetradium syringo- 
poroides Ulrich (= Rhabdotetradium syringoporoides), 
but that species typically has somewhat larger corallites 
than does Rhabdotetradium sp. A. 

The history of tetradiids has been discussed by Web- 
by and Semeniuk (1971, p. 251). Of the species de- 
scribed up to that date, they considered Rhabdotetra- 
dium frutex Klaamann (1966, pp. 19, 89, fig. 8, pl. 20, 
figs. 6-8), from the Porkuni Stage of Estonia (upper- 
most Ordovician, uppermost Ashgill), to be the youn- 
gest for which a definite age could be determined. 
Rhabdotetradium sp. A is of about the same age as R. 
Srutex; both species have subcircular corallites, but those 
of the latter are significantly larger (corallite diameters 


0.70-1.25 mm). Corallites of R. frutex may be separate, 
like those known from Rhabdotetradium sp. A, but 
they may also be arranged in rows or groups. 

Rhabdotetradium sp. A is probably most similar to 
Rhabdotetradium nobile Sokolov (1955, p. 248, pl. 57, 
figs. 1-4) from the Dolborskaya Horizon of the Sibe- 
rian Platform (Dolbor Formation: Upper Ordovician, 
lower Ashgill; Kanygin et a/., 1988, pp. 11, 12), also 
described by Sokolov and Tesakov (1963, p. 97, pl. 
21, figs. 6, 7). Like Rhabdotetradium sp. A, R. nobile 
has small subcircular to subquadrate corallites with 
diameters of about 0.5—O.7 mm. In the latter species, 
however, these are often in contact in groups or short 
chains. 

More recently, Rhabdotetradium jiangxiense Lin and 
Chow, and a subspecies, R. jiangxiense crassum Lin 
and Chow (1977, pp. 158, 159, fig. 12, pl. 39, figs. la— 
le), have been proposed for material from the Ashgill 
(undivided) of Chekiang and Kiangsi provinces, China. 
Both of these have densely spaced subcircular corallites 
with appearance similar to those of Rhabdotetradium 
sp. A, but they are somewhat larger, with corallite di- 
ameters of 0.85—1.50 mm and 0.8-1.3 mm, respec- 
tively. 

Several older species have corallite diameters similar 
to those of Rhabdotetradium sp. A, but their corallites 
tend to remain in contact following increase and com- 
monly occur in groups or chains. Such species include: 
Tetradium micropora Bassler (1950, p. 281, pl. 1, figs. 
3, 4, pl. 5, figs. 11, 12), from the Lowville Limestone 
of Tennessee (Blackriveran); Tetradium oklahomense 
Bassler (1950, p. 281, pl. 1, figs. 5, 5’, pl. 5, figs. 13, 
13’), from the Bromide Formation of Oklahoma and 
the Lowville Limestone of Pennsylvania (both Black- 
riveran); and Tetradium cribriforme (Etheridge) as de- 
scribed and illustrated by Webby and Semeniuk (1971, 
pp. 253-255, pl. 17, figs. 7-12, pl. 18, figs. 1-9) from 
the lower Cliefden Caves Limestone, Regan’s Creek 
Limestone, mid Bowan Park Limestone (Quondong 
Limestone of Webby et a/., 1981, pl. 1), lower Cargo 
Creek Limestone, and lower Reedy Creek Limestone 
of New South Wales, Australia (all Ordovician, Car- 
adoc; Webby ef al., 1981, pl. 1). 

Occurrence. —Uppermost Ordovician (Gamachian): 
Leemon Formation, southern Illinois and southeastern 
Missouri. 

Material described above.—Three specimens: USNM 
485770b, 485953, interval 31-1, Leemon Formation, 
Section 31 (Thebes North), Alexander County, Illinois; 
USNM 423401 (Rhabdotetradium sp. A is in matrix 
enclosing Streptelasma leemonense), collected by R. J. 
Elias and R. J. McAuley in 1983, interval 20-3, Lee- 
mon Formation, Section 20 (Short Farm), Cape Gi- 
rardeau County, Missouri. 
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Subclass RUGOSA 
Milne-Edwards and Haime, 1850 


Order STAURIIDA Verrill, 1865 
Suborder STAURIINA Verrill, 1865 


Family STAURIIDAE 
Milne-Edwards and Haime, 1850 


Genus PALAEOPHYLLUM Billings, 1858 
Palaeophyllum Billings, 1858, p. 168. 


Type species. —By monotypy: Palaeophyllum rugo- 
sum Billings (1858, p. 168); Ordovician (Blackriveran 
or Trentonian), Little Discharge, Lac St.-Jean, Québec. 

Diagnosis.—‘“Corallum phacelocerioid or phace- 
loid, commonly with marginal (lateral) increase; cor- 
allites with narrow peripheral stereozone formed by 
thickening of peripheral ends of septa; short minor 
septa alternate with long and somewhat wavy major 
septa that thin rapidly just inside stereozone, then at- 
tenuate more slowly as they approach axis, which they 
reach or almost reach, their axial edges being without 
paliform lobes; tabulae complete, commonly with axial 
depression and slightly downturned edges; dissepi- 
ments absent; cardinal fossula not distinct” (Hill, 1981, 
pp. F138, F140). 


Palaeophyllum species 
Plate 21, figures 1-14 


Description. —Growth habits of coralla are fascicu- 
late to cateniform (/.e., with single ranks forming la- 
cunae) or possibly tollinaform (7.e., with multiple ranks 
and clusters at rank junctions) (PI. 21, figs. 1-3). Larger 
scale aspects of colony form cannot be determined 
because of the fragmentary nature of material. 

Corallites are cylindrical or subcylindrical, com- 
pressed where they come into contact with other in- 
dividuals (Pl. 21, figs. 1-3, 5). Corallite diameters are 
2.2-4.2 mm; most are in the range of 3.0-3.2 mm 
(Table 21). In longitudinal section, corallites are straight 
or slightly curved; known lengths are up to 10 mm, 
but most were probably much longer. Mode of increase 
is unknown. 

Corallite epitheca is very thin; several corallites lack 
epitheca due to abrasion or corrosion. The outer sur- 
face of the epitheca is smooth; septal grooves and in- 
terseptal ridges are not seen. The stereozone is narrow 
to moderately wide. Thickness of the corallite wall is 
0.25-—0.65 mm, or about 20-30% of the corallite radius 
(Table 21; Pl. 21, figs. 4, 6, 8, 13). Major septa are 
long, 80—100% of the corallite radius; 13-21 in num- 
ber, typically 15-17 (Table 21). Number of major septa 
is correlated with corallite size (Text-fig. 33). In trans- 
verse section, major septa are straight or curved, and 


Table 21.—Biometric data for Palaeophyllum sp. from the east- 
central United States. CoD = corallite diameter, WT = wall thick- 
ness, NS = number of major septa, LS = length of major septa, Ta5 
= number of tabulae in 5 mm; s.d. = standard deviation, c.v. = 
coefficient of variation. 


parameters 

data CoD WT NS ES) Ta5 
mean 3.14 mm 0.34mm_= 16.4 89% 4.5 
s.d. 0.60 mm 0.12 mm Dei 6% — 
C.v. 19.1 3533 16.5 67.4 — 
minimum 2.20 mm 0.25mm_ 13 80% 4 
maximum 4.20 mm 0.65mm 21 100% 5 
no. of corallites 

studied 1 6 7 7 1 


may have hooked tips; they usually join together in 
pairs or in small groups at or near the axis (PI. 21, figs. 
5-8, 10, 11, 13). Thickness of major septa is variable, 
both within and between corallites; septa may taper 
axially or have dilated axial ends (PI. 21, figs. 6, 7). 
Thickening of all major septa in a corallite tends to be 
associated with an increased thickness of the stereo- 
zone (Pl. 21, fig. 4). Minor septa are thinner and ta- 
pered; they are confined to the stereozone or extend 
beyond it to as much as 20% of the corallite radius (PI. 
21, figs. S—8, 10, 13). 

Tabulae are of moderate thickness, highly arched 
axially, and in some cases are concave upward periph- 
erally (Pl. 21, figs. 9, 12, 14). Tabulae are mostly com- 
plete, rarely incomplete. They are moderately widely 
spaced; spacing at the corallite periphery is about 0.5- 
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Text-figure 33.— Relationship between number of major septa and 
corallite diameter in Pa/aeophyllum sp. Each data point represents 
a transverse thin section of a single corallite; solid line connects 
sections from different parts of the same corallite; dashed line con- 
nects data points for different corallites from a single corallum. Sym- 
bols for Section-intervals: 0 23-3 (Lawrence Quarry); n (number of 
coralla) = 1; © 14-1 and 14-2 (Higginbotham Farm); n = 4; O 15-1 
(Calumet); n = 1. 
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1.4 mm, with an average of 4.5 tabulae in 5 mm (Table 
21). 

Discussion.—These specimens show considerable 
variability in characters such as septal thickness, axial 
structure, thickness of stereozone, and growth habit. 
They may represent more than one species, but since 
the available specimens are fragmentary and few, it is 
not possible to make a definite determination. They 
are identified as Palaeophyllum sp. 

Several other Late Ordovician and earliest Silurian 
species of Palaeophyllum have cateniform to fascicu- 
late colony growth habits, and corallite diameters and 
number of major septa comparable to those of Pa- 
laeophyllum sp. Among these, the most similar is Pa- 
laeophyllum vaurealense Twenhofel (1928, pp. 122, 
123, pl. 4, fig. 1) from the Vauréal Formation of An- 
ticosti Island, Québec (Upper Ordovician, Richmon- 
dian; Barnes, 1988, fig. 2), also described and illus- 
trated by Bolton (1979, p. 7, pl. 1.3, figs. 1-10). Pa- 
laeophyllum vaurealense has corallite diameters of 
about 2.54.4 mm, 13-16 major septa, commonly well- 
developed minor septa, stereozones of variable thick- 
ness, and colony growth habits ranging from sub-cer- 
ioid through cateniform to fasciculate. It differs from 
Palaeophyllum sp. by having much more slender major 
septa that more commonly extend to the corallite axis. 

Species of similar character from western North 
America include: Palaeophyllum gracile Flower (1961, 
pp. 89, 90, pl. 46, pl. 47, figs. 1-8) from the Second 
Value Formation in Texas (Upper Ordovician, middle 
Edenian-lowermost Maysvillian; Sweet, 1979, fig. 4), 
also described and illustrated by Pandolfi (1985, p. 37, 
pl. 15, fig. 1, pl. 23, figs. 1, 2) from the Upper Ordo- 
vician Lost Canyon Member of the Ely Springs Do- 
lomite in the Northern Egan Range, Nevada, and by 
Gierlowski and Langenheim (1985, p. 7, pl. 1, figs. 1- 
4) from the Horseshoe Mountain Member of the Big- 
horn Dolomite in Wyoming (Richmondian); Pa/aeo- 
phyllum raduguini Nelson (1963, p. 32, pl. 6, fig. 7) 
from the Caution Creek and Chasm Creek formations 
of the Hudson Bay Lowland, northern Manitoba (both 
Richmondian; see Elias, 1991, fig. 3), also described 
and illustrated by Bolton (in Bolton and Nowlan, 1979, 
p. 6, pl. 3, figs. 1, 2, 5) from an outlier north of Ab- 
erdeen Lake, Northwest Territories (upper Maysvilli- 
an—Richmondian); Pa/aeophyllum sinclairi Caraman- 
ica (1992, pp. 75-79, fig. 19, pl. 6, figs. 1-5) from the 
Bighorn Dolomite in Wyoming (Richmondian); and 
Palaeophyllum pasense pasense Stearn (1956, pp. 89, 
90, pl. 16, fig. 7) from the Stonewall Formation in 
southern Manitoba (uppermost Ordovician to lower- 
most Silurian, Lower Llandovery, lower Rhuddanian; 
Sweet, 1979, p. 54, fig. 4; Johnson and Lescinsky, 1986, 
fig. 2). Our Palaeophyllum sp. differs from all of these 


by having generally thicker major septa, longer minor 
septa, and thicker stereozones. 

Palaeophyllum minimum Yi (1960, pp. 80, 96, pl. 
1, figs. 12, 13), from the Upper Ordovician of China, 
has corallites with diameters of about 3.0-3.5 mm and 
about 15-19 major septa, but is distinguished from 
Palaeophyllum sp. by having flat tabulae and appar- 
ently shorter major septa. 

Occurrences.—Uppermost Ordovician (Gamachi- 
an): lower Keel Formation, south-central Oklahoma. 
Lowermost Silurian (?; Lower Llandovery?, lower 
Rhuddanian?): Kissenger Limestone Member, Bryant 
Knob Formation, northeastern Missouri. 

Material described above.—Six specimens: USNM 
485954, site 231, interval 23-3, Keel Formation, Sec- 
tion 23 (Lawrence Quarry), Pontotoc County, Okla- 
homa; USNM 485955, interval 15-1, Kissenger Lime- 
stone Member, Bryant Knob Formation, Section 15 
(Calumet), Pike County, Missouri; USNM 485956, in- 
terval 14-1, USNM 485957-485959, interval 14-2, 
Kissenger Limestone Member, Bryant Knob Forma- 
tion, Section 14 (Higginbotham Farm), Pike County, 
Missouri. 


Family PYCNOSTYLIDAE Stumm in 
Shrock and Twenhofel, 1953 


Genus PYCNOSTYLUS Whiteaves, 1884 


Pycnostylus Whiteaves, 1884, p. 2. 


Type species.—By subsequent designation (Miller, 
1889, p. 202): Pycnostylus guelphensis Whiteaves (1884, 
pp. 3, 4, pl. 1, figs. 1, 1a, 1b); Guelph Formation (Upper 
Silurian), Ontario. 

Diagnosis. —‘‘Fasciculate, increase peripheral, com- 
monly four offsets simulating axial quadripartite in- 
crease; corallites with very narrow peripheral stereo- 
zone; septa amplexoid, peripheral continuous part very 
short; no dissepiments; tabulae complete, horizontal” 
(Hill, 1981, p. F140). 


Pycnostylus species A 
Plate 21, figures 15-25 


Description. — All material is fragmentary, so it is not 
possible to determine larger scale aspects of colony 
form. Growth habits of coralla are apparently fascic- 
ulate. 

Corallites are subcylindrical to cylindrical. In trans- 
verse section and on external surfaces, they are smooth 
or have variably developed septal grooves and inter- 
septal ridges (Pl. 21, figs. 16, 17, 23, 25). Corallite 
diameters are variable, 0.55—11.40 mm but mostly 1|- 
5mm (Table 22; Text-fig. 34A). Corallites have lengths 
to more than 35 mm: in longitudinal section they are 
parallel-sided or slightly conical; walls may be straight 
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Table 22.—Biometric data for Pycnostylus sp. A from the east- 
central United States. CoD = corallite diameter, WT = wall thick- 
ness, LS = length of major septa, Ta5 = number of tabulae in 5 
mm; s.d. = standard deviation, c.v. = coefficient of variation. 


parameters 
data CoD wT ES) as, 
mean 2.76mm 0.076mm 5% DD, 
s.d. 179mm 0.027mm 4% 1.0 
C.Vv. 64.9 35.5 80:3 45:5 
minimum 0.55mm 0.050mm 0% 1 
maximum 11.40mm 0.175mm 11% 4 


no. of corallites studied 51 41 14 17 


or wavy (PI. 21, figs. 19, 24). A colonial mode of growth 
is demonstrated by short to moderately long connec- 
tions between corallites at or near their bases, which 
may represent locations of increase (Pl. 21, fig. 20). 
Connections between more mature parts of corallites 
are rare or absent. 

Corallite walls are thin, 0.050—0.175 mm (Table 22); 
poor preservation prevents differentiation of the epi- 
theca and stereozone. Septa are lamellar; a single sep- 
tum can be amplexoid (PI. 21, figs. 23, 25) or can form 
a ridge showing relatively constant development (PI. 
21, fig. 18). Major septa are moderately thick and short, 
with lengths up to 11% of the corallite radius (Table 
22). In a transversely sectioned corallite, all major sep- 
ta are of about the same length (PI. 21, figs. 16, 23). 
Minor septa are recognizable where they rarely extend 
beyond the stereozone. They are short, up to about 3% 
of the corallite radius, and are thinner than major septa 
(Pl. 21, fig. 17). Occurrence and abundance of septa 
generally increase with corallite diameter, with up to 
28 major septa in the largest corallites. Septa are absent 
in all corallites with diameters less than 1 mm; their 
reduction in transverse sections of some larger indi- 
viduals (Text-fig. 33B) may be due to the amplexoid 
nature of septa. 

Tabulae are of moderate thickness, commonly con- 
cave, convex, or irregular; sometimes incomplete (PI. 
21, figs. 19, 24). They are broadly spaced, averaging 
about two in 5 mm (Table 22). 

Discussion. —These specimens are identified as Pyc- 
nostylus sp. A. A specific name is not assigned because 
the material is preserved as dissociated corallites in 
channel-fill beds, and the degree of breakage prevents 
assessment of spatial relationships between corallites. 
This species is the oldest known representative of this 
Silurian genus, but it is morphologically similar to the 
other species, which are of early Early Silurian (latest 
Llandovery) to early Late Silurian (Ludlow) age. Pyc- 
nostylus sp. A most closely resembles the type species, 
Pycnostylus guelphensis Whiteaves (1884, pp. 3, 4, pl. 


20, 
A n=51 
C.v.=64.9 
1S- 
~ 
oO 
Cc 
o 
=. 10 
oO 
o 
US 
Ww 
5+ 
\ 
ol 4 1 — 4 ey 
0 2 4 6 8 10 12 


Corallite Diameter (mm) 


) 


% 
rS) 
O8 
108) 
> 
> 
> 


S 
eo 
ou elle rN 
® SE 
Yn 
IE ray 
ote a 
= K 
= 4f iS 
zo 
at 
= 
D 
Cc OF XA 4a 
3 —_1_ 1 —L 4 L J 
0 2 4 6 8 10 12 


Corallite Diameter (mm) 


Text-figure 34.—Intraspecific variation in Pycnostylus sp. A; Sec- 
tion-interval 32-1b (Thomson East). A, Corallite size-frequency dis- 
tribution for all measured corallites; n = number of corallites, c.v. 
= coefficient of variation. B, Relationship between length of major 
septa as a percentage of corallite radius and corallite diameter, for 
14 corallites; each data point represents an individual corallite. 


1, figs. 1, la, 1b), from the Guelph Formation of south- 
western Ontario (Ludlow; Winder and Sanford, 1972, 
fig. 2). The latter species has corallites similar in size 
to those of Pycnostylus sp. A, with diameters of about 
3-7 mm, and continuous lamellar septa. Based on 
Whiteaves’ illustrations, it may differ from Pycnostylus 
sp. A by having a higher frequency of corallite increase. 

Pycnostylus guelphensis, as described and illustrated 
by Stearn (1956, p. 82, pl. 8, fig. 7) from the Cedar 
Lake Formation of southern Manitoba (Upper Llan- 
dovery, Telychian, to upper Lower Silurian, Wenlock; 
Johnson and Lescinsky, 1986, fig. 2), is also very sim- 
ilar to Pycnostylus sp. A. Stearn’s corals have contin- 
uous lamellar or slightly amplexoid septa, occurring in 
cylindrical corallites that are not joined together above 
the point of increase. Although the mean corallite di- 
ameter given by Stearn (5.6 mm) is significantly larger 
than that of Pycnostylus sp. A, this is apparently based 
only on corallites that he considered to be mature, and 
it does fall within the range for our material. 
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Occurrence. —Lowermost Silurian (Lower Llandov- 
ery, lower Rhuddanian): lower Mosalem Formation, 
northwestern Illinois. 

Material described above.—Eight specimens (each 
includes several dissociated corallites): USNM 485960- 
485967, interval 32-1b, Mosalem Formation, Section 
32 (Thomson East), Carroll County, Illinois. 


APPENDIX 
STRATIGRAPHIC SECTIONS 
Introduction 


The locations of stratigraphic sections are designated using United 
States Geological Survey topographic quadrangle maps (1:24,000 
scale). Precise coordinates following the map name are measured in 
mm first east and then north from the southwest corner of the map. 
Descriptions of the sections and lists of fossils are contained in the 
references cited under each entry. 

The six outcrop areas (A-F) are outlined in Text-figure 1 A (detail 
map, foldout inside front cover). All the numbered sections (but not 
Gale Section) were examined during this study. Locations of sections, 
positions of numbered collection intervals, and stratigraphic and 
paleontologic data are shown in Text-figures 2—7. Collection intervals 
are numbered as follows: Section-interval (e.g., 23-2 is Section 23, 
interval 2). 


A. South-central Oklahoma 


21 (Rock Crossing). —Overbrook, Oklahoma Quadrangle: 310 mm 
E, 348 mm N; SEs NE% SW'4 sec. 35, T 5 S, R 1 E. Exposure on 
west bank of Hickory Creek, east side of road, 0.15 km south of 
bridge, Carter County, Oklahoma (Amsden, 1960, sec. Call, pp. 
208-210, panel 1; Barrick, 1986, sec. Call, fig. 39; McAuley and 
Elias, 1990, sec. 21, pp. 8, 53, fig. 2; Elias, 1992, p. 122, fig. 2). 
Collection from Section-interval 21-1b made in lens of bioclastic 
limestone. 

22 (Cedar Village).—Turner Falls, Oklahoma Quadrangle: 437 
mm E, 326 mm N; SE's NE's NW'% sec. 30, T 1S, R 2 E. Cut on 
west side of U.S. Route 77, 0.5 km south of junction with Interstate 
Route 35, just north of Cedar Village, Murray County, Oklahoma 
(section enlarged and improved since description by Amsden, 1960, 
sec. M17, pp. 256-258, panel 1; Amsden in Ham, 1973, fig. 35; 
Barrick, 1986, sec. M17, fig. 39; Fay, 1988, p. 188, fig. 2c; Fay, 1989, 
marker no. 14, pp. 7, 47, pl. 1; Barrick et a/., 1990, p. 5, fig. 2; 
McAuley and Elias, 1990, sec. 22, pp. 8, 53). 

23 (Lawrence Quarry).— Ahloso, Oklahoma Quadrangle. Site 23i: 
95 mm E, 301 mm N; NW'4 SE's NE" sec. 36, T 3 N, R 5 E. Site 
2311: 95 mm E, 290 mm N; SW'4 SE's NE" sec. 36, T 3 N, R 5 E. 
Site 2311: 95 mm E, 288 mm N; SW'4 SE'’4 NE" sec. 36, T3 N,R 
5 E. Site 23iv: 94 mm E, 286 mm N; NW'% NE'4 SE'4 sec. 36, T 3 
N, R 5 E. East side of Ideal Cement Company quarry at Lawrence, 
Pontotoc County, Oklahoma; type section of Keel Formation and 
Ideal Quarry Member (Amsden, 1960, pl. 1, figs. 1, 2, panel 2, pl. 
A; Amsden, 1974, loc. P22, p. 87; Amsden, 1986, figs. 5, 6, 15; 
Barrick, 1986, sec. AQL, fig. 39; McAuley and Elias, 1990, sec. 23, 
pp. 8, 53, fig. 2; Elias, 1992, p. 122, fig. 2). 

24 (Coal Creek). —Harden City, Oklahoma Quadrangle: 253 mm 
E, 208 mm N; NW'4 SE's NW'4 sec. 22, T 1 N, R 7 E. Exposure 
on north bank of Coal Creek, 0.4 km east of Gobbler Knob, Pontotoc 
County, Oklahoma (Amsden, 1957, fig. 5; Amsden, 1960, sec. P9, 
pp. 279-282, panel 1; Amsden, 1961, fig. 25; Amsden, 1986, fig. 13; 
Barrick, 1986, sec. P9, fig. 39; McAuley and Elias, 1990, sec. 24, pp. 
8, 53, fig. 2; Elias, 1992, p. 122, fig. 2). 


25 (Hunton). —Wapanucka North, Oklahoma Quadrangle: 14 mm 
E, 519 mm N; NE% SE's NE sec. 7, T 1S, R 8 E. Exposure 0.5 
km south of northeast corner of section, Coal County, Oklahoma; 
base of type section of Hunton Group (Amsden, 1960, sec. Cl, pp. 
182, 184-188, panel 2, pl. B; McAuley and Elias, 1990, sec. 25, p. 
53, fig. 2). 

35 (Henry House Falls).—Springer, Oklahoma Quadrangle: 65 
mm E, 464 mm N; SW'4 NE'% SE's sec. 30, T 2S, R 1 E. Exposure 
on west side of Henry House Creek at upper rim of Henry House 
Falls, Carter County, Oklahoma (Amsden, 1960, sec. Cal (2), pp. 
190-195, panel 1; Elias, 1992, p. 122, fig. 2). 


B. Western north-central Arkansas 


33 (Buffalo River).—Marshall, Arkansas Quadrangle: 35 mm E, 
512 mm N; NE’% SW'4 and NW'‘4 SE'% sec. 36, T 16 N, R 17 W. 
Exposure on north bank of Buffalo River, 0.5 km east of bridge on 
U.S. Route 65, Searcy County, Arkansas (Lemastus, 1979, pp. 86—- 
88, pl. 1; Craig, 1984, p. 11, fig. 2; Craig, 1988, loc. 3, pp. 212, 213, 
figs. 3, 4; McAuley and Elias, 1990, sec. 33, pp. 10, 53, fig. 3). 


C. Southern Illinois and 
southeastern Missouri 


19 (New Wells). —Neelys Landing, Missouri-Illinois Quadrangle: 
24 mm E, 254 mm N; NW'4 SW'5 SW'%4 sec. 9, T 33 N, R 13 E. 
Exposure along channel and east bank of Blue Shawnee Creek, 0.5 
km east of New Wells, Cape Girardeau County, Missouri (Amsden, 
1974, loc. U, pp. 21, 22, 87, fig. 17; Thompson and Satterfield, 1975, 
sec. 4, p. 79, fig. 9; Elias, 1982, loc. 20b, p. 39, fig. 21; Amsden, 
1986, pp. 32-34; McAuley and Elias, 1990, sec. 19, pp. 10, 11, fig. 
4). 

20 (Short Farm). —Cape Girardeau NE, Missouri Quadrangle: 44 
mm E, 276 mm N; SE’%4s NE's SW'4 sec. 21, T 32 N, R 13 E. Exposure 
along creek channel just east of barn, 0.25 km east of State Route 
W, Cape Girardeau County, Missouri; type section of Leemon For- 
mation (Amsden, 1974, loc. K, pp. 19, 85, 86, fig. 16; Thompson 
and Satterfield, 1975, sec. 3, fig. 7; Elias, 1982, loc. 20a, p. 39, fig. 
21; Amsden, 1986, pp. 31, 32, fig. 25; McAuley and Elias, 1990, 
sec. 20, pp. 10-12, 53, 54, fig. 4). Collections for Section-intervals 
20-3 and 20-6 made from loose blocks. 

31 (Thebes North).—Thebes, Illinois—Missouri Quadrangle: 157 
mm E, 506 mm N; SE% SE's sec. 5, T 15 S, R 3 W. Exposure on 
east bank of Mississippi River, 1.5 km southwest of Gale and 1.8 
km north of Thebes, Alexander County, Illinois (Savage, 1910, pp. 
331, 332, pl. 36, fig. a; Savage, 1913, pp. 20, 21; Savage, 1917, pp. 
77-79; Weller, 1940, pp. 8-10; Pryor and Ross, 1962, pp. 7-10, fig. 
3; Satterfield, 1971, p. 266, fig. 1; Amsden, 1974, loc. M, pp. 23, 
24, 86; Thompson and Satterfield, 1975, sec. 1, pp. 77, 78, fig. 8; 
Amsden, 1986, pp. 29, 30, fig. 22; McAuley and Elias, 1990, sec. 
31, pp. 10-12, 53, fig. 4). 

Gale Section.—Thebes, Illinois—Missouri Quadrangle: precise co- 
ordinates unknown; NE'/ sec. 4, T 15 S, R 3 W. Abandoned quarry 
0.4 km southeast of Gale, Alexander County, Illinois (Savage, 1910, 
pp. 332, 333, pl. 37, fig. a; Savage, 1913, pp. 21, 22; Savage, 1917, 
p. 79; McAuley and Elias, 1990, pp. 12, 53, fig. 4) (for cut along 
State Route 3 in same vicinity, see Weller, 1940, pp. 8-10; Pryor 
and Ross, 1962, pp. 7—10, fig. 3; Cote et a/., 1968, stop 1, pp. 7-10, 
figs. 6, 7; Amsden, 1974, loc. L, pp. 23, 24, 86; Amsden, 1986, p. 
30). 


D. West-central Illinois and 
northeastern Missouri 


13 (Bowling Green).— Bowling Green, Missouri Quadrangle: 197 
mm E, 497 mm N; NW'4 NW'4 sec. 24, T 53 N, R 3 W. Cut on 
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north side of U.S. Route 54, 1.5 km northeast of junction with U.S. 
Route 61, Pike County, Missouri; reference section of Cyrene For- 
mation and Bowling Green Dolomite (Koenig ef a/., 1961, fig. 15; 
Amsden, 1974, loc. D, p. 84, figs. 4, 7; Thompson and Satterfield, 
1975, sec. 8, pp. 96, 99, fig. 11; Elias, 1982, Bowling Green sec., fig. 
21; Amsden, 1986, sec. D, figs. 31, 34; McAuley and Elias, 1990, 
sec. 13, pp. 14, 54, fig. 5; Elias, 1992, p. 122, fig. 3). 

14 (Higginbotham Farm).—Cyrene, Missouri Quadrangle: 391 mm 
E, 418 mm N, and 392 mm E, 424 mm N; W!2 NW'4 NE" sec. 28, 
T 53 N, R 1 W. Exposures north (Section-interval 14-1) and south 
(Section-interval 14-2) of abandoned house (only the foundation 
remains), just east of State Route D, Pike County, Missouri (Laswell, 
1957, sec. 5, p. 20; Amsden, 1974, loc. A, p. 83, fig. 4; Thompson 
and Satterfield, 1975, p. 93, fig. 16; McAuley and Elias, 1990, sec. 
14, p. 54, fig. 5). 

15 (Calumet).—Cyrene, Missouri Quadrangle: 415 mm E, 432 
mm N, to 404 mm E, 434 mm N; 82 SE% sec. 21, T 53 N, R 1 W. 
Abandoned quarry east of Stark Cemetery, 0.5 km east of State Route 
D, Pike County, Missouri (Thompson and Satterfield, 1975, sec. 5, 
p. 93, figs. 15, 16; McAuley and Elias, 1990, sec. 15, p. 54, fig. 5). 

16 (Clinton Spring). — Louisiana, Missouri-Illinois Quadrangle: 312 
mm E, 312 mm N; SW%4 NE’4* NW'4 sec. 20, T 54 N, R 1 W. 
Exposure just west of Clinton Spring on west side of State Route 79, 
southern edge of Louisiana, Pike County, Missouri; type section of 
Noix Limestone (Laswell, 1957, sec. 4, pp. 18, 19; Koenig et al., 
1961, stop 8, p. 34, figs. 21, 22; Birkhead, 1967, loc. I, fig. 4; Amsden, 
1974, loc. B, p. 83, fig. 4; Thompson and Satterfield, 1975, sec. 7, 
p. 89, fig. 12; Elias, 1982, loc. 21b, p. 40, fig. 21; Amsden, 1986, fig. 
34, sec. B; McAuley and Elias, 1990, sec. 16, pp. 14, 15, 54, fig. 5). 

17 (Clarksville). —Clarksville, Missouri-Illinois and Pleasant Hill 
West, Illinois—Missouri quadrangles: 333 mm E, 564 mm N (Clarks- 
ville) to 313 mm E, | mm N (Pleasant Hill West); SW'4 sec. 9, T 
53 N, R 1 E. Cut on west side of State Route 79, northern edge of 
Clarksville, Pike County, Missouri (Amsden, 1974, loc. E, p. 84, 
figs. 4-6; Thompson and Satterfield, 1975, sec. 6, pp. 99, 100, sec. 
6, fig. 13; Elias, 1982, loc. 21a, p. 40; McCracken and Barnes, 1982, 
fig. 2; Amsden, 1986, sec. E, figs. 33, 34; McAuley and Elias, 1990, 
sec. 17, pp. 14-16, 54, figs. 5, 6). 

18 (Kissenger).—Annada, Missouri-Illinois Quadrangle: 15 mm 
E, 312 mm N; SW sec. 35 (projected), T 53 N, R 1 E. Cut on west 
side of State Route 79, just west of Kissenger Hill and south of 
spring; type section of Bryant Knob Formation and Kissenger Lime- 
stone Member (Amsden, 1974, loc. F, pp. 84, 85, fig. 4; Thompson 
and Satterfield, 1975, sec. 11, pp. 97-100, fig. 14; Amsden, 1986, 
sec. F, figs. 32, 34; McAuley and Elias, 1990, sec. 18, pp. 14-16, 54, 
fig. 5). 

36 (Indian Creek). —Hamburg, Illinois—Missouri Quadrangle: 183 
mm E, 306 mm N; NW'4 NW'5 NE" sec. 13, T 10S, R 3 W. North- 
and west-facing exposures just south of Indian Creek and just east 
of County Route 2, 4.6 km south-southeast of Hamburg, Calhoun 
County, Illinois (Rubey, 1952, loc. 6, pp. 25-27, 170; Amsden, 1974, 
loc. I, p. 85; Thompson and Satterfield, 1975, sec. 12, p. 106; Elias, 
1992, p. 122, fig. 3). Collection for Section-interval 36-2a made from 
loose block. 


E. Northeastern Illinois 


3 (Garden Prairie).— Riley, Ulinois Quadrangle: 179 mm E, 566 
mm N; NE's SW'4 sec. 31, T 44 N, R 5 E. Abandoned quarry, 0.5 
km south of U.S. Route 20, McHenry County, Illinois (Willman, 
1973, pp. 12, 14; McAuley and Elias, 1990, sec. 3, pp. 18, 20, 54, 
fig. 7). 

4 (Schweizer West).—Channahon, Illinois Quadrangle; 302 mm 
E, 418 mm N; SW'4 SE" sec. 35, T 35 N, R 9 E. Cuts on both sides 
of lower (western) railroad (Section-interval 4-2 on east side of tracks), 


southeast side of Des Plaines River valley, Will County, Illinois; 
type section of Wilhelmi Formation, and Schweizer and Birds (lower 
part) members (Ross, 1962, fig. 1; Willman, 1962, stop 4, p. 84; 
Willman, 1973, sec. 17, pp. 50, 51; Liebe and Rexroad, 1977, loc. 
8, p. 854, fig. 1; Elias, 1982, Will Co. sec., fig. 21; McAuley and 
Elias, 1990, sec. 4, pp. 18-20, 54, fig. 7; Elias, 1992, p. 123, fig. 4). 

5 (Schweizer North). —Channahon, Illinois Quadrangle: 354 mm 
E, 449 mm N; SW's SW'4 NE'4 sec. 36, T 35 N, R 9 E. Cut on 
southeast side of lower (western) railroad, and ravine from there to 
southeast side of upper (eastern) railroad, at new concrete culvert, 
southeast side of Des Plaines River valley, Will County, Illinois; 
type section of Birds Member (upper part) of Wilhelmi Formation, 
and Elwood Formation (Ross, 1962, fig. 1; Willman, 1973, sec. 16, 
p. 50; Liebe and Rexroad, 1977, loc. 7, p. 854, fig. 1; Elias, 1982, 
Will Co. sec., fig. 21; McAuley and Elias, 1990, sec. 5, pp. 18-20, 
54, fig. 7). 

6 (Plaines West). —Channahon, Illinois Quadrangle: 405 mm E, 
491 mm N; NW'4 SE's SW'4 sec. 30, T 35 N, R 10 E. Cut on 
southeast side of lower (western) railroad, southeast side of Des 
Plaines River valley, Will County, Illinois; type section of Drum- 
mond, Offerman, and Troutman (lower part) members, Kankakee 
Formation (Ross, 1962, fig. 1; Willman, 1973, sec. 14, pp. 49, 50; 
Liebe and Rexroad, 1977, loc. 6, p. 854, fig. 1; Elias, 1982, Will Co. 
sec., fig. 21; McAuley and Elias, 1990, sec. 6, pp. 20, 54, fig. 7). 

29 (Sears Pit).—Sycamore, Illinois Quadrangle: 347 mm E, 336 
mm N; SE% NW'4 and SW'4 NE" sec. 15, T 40 N, R 5 E. Quarry 
southeast of intersection of Barber Greene Road and Airport Road, 
4 km northeast of Cortland, De Kalb County, Illinois (Mikulic e¢ 
al., 1985, pp. 21-23, figs. 6, 7; McAuley and Elias, 1990, sec. 29, 
pp. 20, 54, fig. 7; Elias, 1992, p. 123, fig. 4). Collection for Section- 
interval 29-4 made from loose block. 

34 (Belvidere South).— Belvidere South, Illinois Quadrangle: 63 
mm E, 367 mm N; SE% SW'%4 NW'%4 sec. 14, T 43 N, R 3 E. 
Abandoned quarry 0.35 km east of Stone Quarry Road, 4 km south 
of Belvidere, Boone County, Illinois (vicinity of Savage, 1926, p. 
518; McAuley and Elias, 1990, sec. 34, pp. 18, 20, 54, fig. 7). 

37 (Essex). —Essex, Illinois Quadrangle: 363 mm E, 240 mm N; 
NW's SW's SW sec. 12, T 31 N, R 9 E. Exposure on north bank 
of Horse Creek, 3.3 km east of Essex, Kankakee Co., Illinois (Savage, 
1912, p. 100, pl. 7; Savage, 1913, pp. 28, 29; Savage, 1917, pp. 86, 
87; Athy, 1928, pp. 38-41, figs. 11, 12; McAuley and Elias, 1990, 
pp. 18, 20). Collection for Section-interval 37-1 made from loose 
blocks. 


F. Northwestern Illinois and 
eastern Iowa 


8 (King). —Menominee, Illinois-lowa Quadrangle: 120 mm E, 105 
mm N, to 113 mm E, 133 mm N; E!2 SE sec. 27, T 88 N, R3 E. 
Cut on east side of U.S. Route 52, just south of King, Dubuque 
County, Iowa; type section of Mosalem and Tete des Morts for- 
mations (Willman, 1973, sec. 22, p. 52; McAuley and Elias, 1990, 
sec. 8, pp. 21, 22, 55). 

9 (Winston). —Hanover, Illinois Quadrangle: 41 mm E, 461 mm 
N; SE's SW'4 NE'% sec. 11, T 27 N, R 1 E. Quarry on east side of 
road, 1.8 km north of eastern end of Winston railroad tunnel, Jo 
Daviess County, Illinois (Willman, 1973, sec. 34, p. 55; McAuley 
and Elias, 1990, sec. 9, pp. 22, 55, fig. 8). 

10 (Lost Mound). —Green Island, lowa-Illinois Quadrangle: 288 
mm E, 412 mm N; SW'4 NW'4 SW'% sec. 28, T 26 N, R 2 E. East 
side of quarry in east bluff of Mississippi River valley, 1.3 km north- 
west of Lost Mound, Jo Daviess County, Illinois (Willman, 1973, 
sec. 24, pp. 52, 53; McAuley and Elias, 1990, sec. 10, pp. 22, 54, 
fig. 8). 

11 (Schapville).—Elizabeth, Illinois Quadrangle: 92 mm E, 558 
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mm N; NE% NE sec. 1, T 27 N, R 2 E. Cut on east side of road, 
3.2 km southwest of Schapville, Jo Daviess County, Illinois (Will- 
man, 1973, sec. 30, p. 54; McAuley and Elias, 1990, sec. 11, pp. 22, 
55). 

12 (Stockton). —Kent, Illinois Quadrangle: 148 mm E, 359 mm 
N; SE’ SW'%s SW'4 sec. 17, T 27 N, R 5 E. Abandoned quarry at 
north edge of ridge, just south of road, 4 km southeast of Stockton, 
Jo Daviess County, Illinois (Willman, 1973, sec. 32, p. 54; McAuley 
and Elias, 1990, sec. 12, pp. 22, 55). 

26 (Bellevue). —Springbrook, lowa-Illinois Quadrangle: 288 mm 
E, 559 mm N, to 262 mm E, 572 mm N; NE‘ sec. 19, T 86 N, R 
5 E. Exposure along west side of U.S. Route 52 and south side of 
road in Bellevue State Park, Jackson County, Iowa (Whitlow and 
Brown, 1963, p. 13; Ross, 1964, p. 1107, fig. 1; Rose, 1967, stop 3, 


pp. 44, 45, figs. 20, 21; Anderson, 1983, fig. 5.6; Ludvigson and 
Witzke, 1988, pp. 236, 237, fig. 21; McAuley and Elias, 1990, sec. 
26, pp. 22, 54, 55, fig. 8; Elias, 1992, p. 123, fig. 6). 

30 (Thomson Northeast).—Thomson, Illinois Quadrangle: 207 mm 
E, 452 mm N; NW NW'4 NE" sec. 20, T 23 N, R 4 E. Quarry at 
top of bluff west of Johnson Creek, 3 km northeast of Thomson, 
Carroll County, Illinois (vicinity of Savage, 1926, p. 527; McAuley 
and Elias, 1990, sec. 30, pp. 22, 54, fig. 8). 

32 (Thomson East). —Thomson, Illinois Quadrangle: 270 mm E, 
377 mm N; SEs NEs NW" sec. 28, T 23 N, R 4 E. Quarry on rise 
east of Johnson Creek, 4.5 km east of Thomson, Carroll County, 
Illinois (McAuley and Elias, 1990, sec. 32, pp. 22, 54, figs. 8, 9; 
Elias, 1992, p. 123, fig. 6). 
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PLATES 


Exterior views are of specimens coated with ammonium chloride. Transverse and longitudinal sections are 
photomicrographs of thin sections. For serial transverse sections, orientation of the specimen remains the same 
from one figure to the next. Longitudinal sections are oriented with the direction of growth toward the top of the 
plate. 
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EXPLANATION OF PLATE 1 


Figure Page 
111". .Propora thebesensis,(Eoctste, V9O9) ©. cc cxvaserelee sapere ccchsneset eccioos wike bar eho. zas cece) oneip sued, bade te eye eoetacte aele eee eee sealers 45 
[{1-11, Brevilamnulella beds, Keel Formation, Section-interval 23-2 (Lawrence Quarry) (1, 2, 4-9, site 23iii; 3, site 23i; 10, 11, 
site 231i).] 
1, 2. USNM 485706a: 1, transverse section, <8; 2, longitudinal section, x8. 
3. USNM 485700: transverse section showing new tabularium, x 20. 
4-9. USNM 458777: 4, transverse section showing new tabularium, x 20; 5, transverse section, x8; 6, 7, transverse sections, 
x 40; 8, longitudinal section showing growth around crinoid grain, x 8; 9, longitudinal oblique section of a corallite, showing 
trabeculae, x40. 
10, 11. USNM 485703: 10, transverse section, <8; 11, longitudinal section, x8. 
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EXPLANATION OF PLATE 2 


Figure 
I Ae Proporart Hebesensis (Eh OCLStE WL 9 09) were te ee sei tects cs etapa rai seca ee tose Aare Fe ees ee RCS VEL ee Ave osm Teneo ee a, elec ese nee oens Ce tt eeee te ators 
[1+4, Brevilamnulella beds, Keel Formation, Section-interval 23-2 (Lawrence Quarry) (site 23iii); 5-7, odlite of Keel Formation, 
Section-interval 23-2a (Lawrence Quarry) (site 231i); 8-10, Leemon Formation, Section-interval 31-1 (Thebes North); 11, 12, 
Leemon Formation (undivided), Section 31 (Thebes North).] 
1. USNM 485706b: transverse section, x 15. 
2-4. USNM 459075: 2, longitudinal section showing rejuvenescence, x 12; 3, transverse section, x8; 4, longitudinal section, 
x8. 
5, 6. USNM 485709: 5, transverse section, x 8; 6, transverse section (detail from upper left of center in 5, turned 50° clockwise), 
x 20. 
7. USNM 485708: longitudinal section showing sediment inclusion and regeneration, x 12. 
8-10. USNM 485711: 8, transverse section, x8; 9, longitudinal section, <8; 10, longitudinal section showing tabularium wall, 
x 40. 
11, 12. UI X-908: 11, exterior lateral view of corallum, x 1.5; 12, transverse section, x 8. 
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EXPLANATION OF PLATE 3 


Figure 
1=11!., Propora:thebesensis) (Foerste;, 1909) \ oars cw eters nists consi stots eas, ceyslcistatgietede ehoroyers siereioe oelohene?s trea keisthsie eke vekolte ete eee eee 
{1-3, Leemon Formation (undivided), Section 31 (Thebes North); 4, Leemon Formation, Section-interval 31-1 (Thebes North); 
5, Bryant Knob Formation (undivided), 5 km south of Clarksville, Missouri; 6, 7, Kissenger Limestone Member, Bryant Knob 
Formation, Section-interval 18-4 (Kissenger), 8-11, Kissenger Limestone Member, Bryant Knob Formation, Section-interval 16-2 
(Clinton Spring).] 
2. USNM 84863b (lectotype): 1, transverse section, <8; 2, exterior lateral view of corallum, x 1.5. 
3. USNM 84863a (paralectotype): exterior basal view of corallum, x 2. 
4. USNM 485715: longitudinal section through entire corallum (note abraded base), x 2. 
5. UI C-1466b: transverse section, x8. 
7. USNM 459084: 6, transverse section, <8; 7, longitudinal section, x 8. 
1. USNM 459076: 8, longitudinal section through entire corallum (note abrasion at base), x 2; 9, transverse section, x8; 10, 
longitudinal section (detail from lower left of center in 8, turned 20° counterclockwise), x 8; 11, longitudinal section through 
base of a tabularium (detail from center of 10), x15. 
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EXPLANATION OF PLATE 4 


Figure Page 
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[1, 2, Kissenger Limestone Member, Bryant Knob Formation, Section-interval 15-1 (Calumet); 3-7, Kissenger Limestone Member, 
Bryant Knob Formation, Section-interval 14-1 (Higginbotham Farm); 8, coral-rich bedding surface of Mosalem Formation, Section- 
interval 32-1z (Thomson East); 9, 10, upper Mosalem Formation, Section-interval 32-1c (Thomson East).] 
1, 2. USNM 485729: 1, transverse section, x 8; 2, longitudinal section, x8. 

. USNM 485754: longitudinal section showing partial mortality and regeneration, x 5. 

. USNM 485755: 4, transverse section, x 8; 5, longitudinal section, x 8. 

. USNM 485753: 6, transverse section, x 8; 7, longitudinal section, x8. 

. USNM 485758: longitudinal section, x8. 

. USNM 485760: transverse section, = 8. 

. USNM 485762: transverse section, x8. 
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EXPLANATION OF PLATE 5 


Figure 
1-10. Propora savagei, new species 


[1-3, odlite of Keel Formation, Section-interval 23-3 (Lawrence Quarry) (site 2311); 4, Leemon Formation, Section-interval 31-1 
(Thebes North); 5, 6, Leemon Formation (undivided), Section 31 (Thebes North); 7-10, Leemon Formation, Section-interval 20-6 
(Short Farm).] 
1-3. USNM 485764 (paratype): |, transverse section, x 8; 2, longitudinal section, x 8; 3, longitudinal section through a tabularium, 
x 20. 
4. USNM 485769: longitudinal section, <8. 
5, 6. UI X-8722 (holotype): 5, transverse section, <8; 6, longitudinal section showing sediment inclusion and rejuvenescence, 
x8. 
7-10. USNM 485766 (paratype): 7, transverse section, < 40; 8, longitudinal section showing regeneration in a composite corallum, 
x8; 9, transverse section, x8; 10, longitudinal section, x8. 
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EXPLANATION OF PLATE 6 


Figure 
Na, PAOTORE CASTS WER SUSOS), Godaadeovup das cob decor a dn00 COUT A AGO Ge DUDE enn EOS anaes odo n no sore moto ae nde oar 
[1, 2, Leemon Formation, Section-interval 20-1 (Short Farm); 3, 4, Kissenger Limestone Member, Bryant Knob Formation, 
Section-interval 14-1 (Higginbotham Farm).] 
1, 2. USNM 485765 (paratype): 1, transverse section, x 8; 2, longitudinal section, x8. 
3, 4. USNM 485775: 3, transverse section, x8; 4, longitudinal oblique section, x8. 
Sal) MES OPOTASSPECLOSAN Bi LIT OSs 11S OS) ieee eter oysee oye esuss eet Fears TSS oR eee TEE SI ale eVSsahne Ee lesbo fe eyes Soi dllesancrstetasn iat ay hare Rey veretale 
(5, Ellis Bay Formation, White Cliff, Anticosti Island, Québec; 6-10, Leemon Formation, Section 31 (Thebes North).] 
5. GSC 2240a (lectotype): exterior lateral view of corallum, x 1.5. 
6. UI C-1438: transverse section, x5. 
7-10. UI C-889a: 7, longitudinal section showing trabecular rods in coenenchyme (detail from left of center in 10, turned 20° 
clockwise), x 20; 8, transverse section, x 5; 9, longitudinal section showing regeneration, <8; 10, longitudinal section, x5. 
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EXPLANATION OF PLATE 7 


Figure 
1=8., Propora Spectosa (Billings, USGS): 5, 6..o:3.scs 0: sie eve sucnar de. aoeue ates hae siete ensues, letereiny svsee tate al eeeeuel ay chelsea tera teneus Tere rtelsTelatel teeters aes 
[1-7, Leemon Formation, Gale Section; 8, upper Mosalem Formation, Section-interval 32-1c (Thomson East).] 
1-6. UI X-850: 1, transverse section, x 5; 2, longitudinal section, x 5; 3, transverse section (detail from lower left of center in 
1, turned 180°), x 15; 4, transverse section (detail from top center in 3) showing septal structure, x 40; 5, exterior view of 
broken longitudinal surface, < 2; 6, exterior view of transverse surface, x 2. 
7. UI C-1440: transverse section, x 5. 
8. USNM 485776: transverse section, x 5. 
9, 10:., Propora’speciesiaff. P. affinis (Billings, 1865)! s.<..c:<.0.¢.5 cere avesess ces o 2 avere cued a shepsbenonerelebetepetersts eter vetatel stele tee etal steerer eee Oe 62 
{Elwood Formation, Section-interval 29-4 (Sears Pit).] 
9, 10. USNM 485777: 9, transverse section, x 8; 10, longitudinal section, 8. 
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EXPLANATION OF PLATE 8 


Figure Page 
Ne 2, LED TDA SEBS AN oo oopid aoe bin o's Oe EUS Ene Tete DORIC Ao DOE T er cine Ae ae Or OA Rage cee eo Snap SG On occa aicrcciac rate 63 
[1, 2, Sexton Creek Limestone, near Thebes, IIlinois.] 
1, 2. UI C-1403: 1, transverse section, x5; 2, longitudinal section, x5. 
Sew Plasmoporda SPECIES Clye, LOLANE YOUNE ANd NOEs UO OOD) cyaciact eye jese rer cieyte-tetele e)sicie’> lalo\ols ) ole cielere eleievereisieis elelaleieieiele/ls)a\eiezeysieie s\- 64 
(3, 4, Cyrene Formation, near Edgewood, Missouri.] 
3, 4. UI C-865b: 3, longitudinal section, x 8; 4, transverse section, x8. 


Si, LATHES GeaSIES ZA oo na dobodanccosoduecdy nasdouMeEDdeoDnngean oop ERE USP oSE esha CoomsombcodacdopoceoadeuDeUonadmnne os 65 
[S-7, Leemon Formation, Section 31 (Thebes North).] 

5-7. UI C-889b: 5, section through entire corallum (includes longitudinal and transverse sections of corallites), 10; 6, transverse 
section showing a single tabularium (detail from top center of corallum in 5, turned 30° counterclockwise), 40; 7, longitudinal 
section (detail from bottom center of corallum in 5), x40. 

66 


GND, JARI GORGES AN, 5.0 bea coon Te GmbeD p.0 06 DEO O SOO. S CUg bo DUET ECO eon D Ota DOOM ha Coto U Clo CAI Re On ODIO. Cou Mea nin nino teeny 
(8-12, Brevilamnulella beds, Keel Formation, Section-interval 23-2 (Lawrence Quarry) (8-11, site 231; 12, site 23iv).] 
8-11. USNM 485778: 8, longitudinal section (dark horizontal layers are sediment inclusions), <8; 9, longitudinal section, x 40; 
10, transverse section, x 8; 11, transverse section showing a single tabularium (detail from upper left of center in 10), x 40; 
note microborings in 8-11 (micrite-filled microborings are darker than corallum, cement-filled microborings are lighter). 
12. USNM 485780c: longitudinal section showing corallum (center) encrusting corallites of Halysites alexandricus (lower left, 


lower right), x 12. 
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EXPLANATION OF PLATE 9 


Figure Page 
1=11, Halysites.alexandricus, NEwSPeGlES. 6.06 o. cere cie isons oie cs Siers ois Wleconisinisiovs Howe einver ate siclaies Ree EES ele eee Cee eee eee era 67 
[1-8, Brevilamnulella beds, Keel Formation, Section-interval 23-2 (Lawrence Quarry) (1-3, site 231; 4-6, site 23ii; 7, site 23iv; 8, 
site 23111); 9-11, Keel Formation (undivided), Section-interval 23a-1 (Lawrence Quarry).] 
1-3. USNM 485782 (paratype): |, transverse section, x 8; 2, transverse section, x 20; 3, transverse section showing wall structure, 
x 40. 
4-6. USNM 458778 (paratype): 4, transverse section, x 8; 5, longitudinal section, x 8; 6, longitudinal section showing structure 
of walls and tubule (detail from lower right of center in 5, turned 10° counterclockwise), < 40. 
7. USNM 485785b: longitudinal section showing structure of walls and tabulae, x 40. 
8. USNM 485779a: longitudinal section through corallum based on a stromatoporoid, x5. 
9-11. USNM 423421: 9, transverse section (note corallum of Keelophyllum oklahomense attached to ranks), x 8; 10, transverse 
section showing wall structure (detail from lower right in 9, turned 110° clockwise), x 40; 11, transverse section showing a 
tubule (detail from right of center in 9, turned 80° clockwise), x 40. 
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EXPLANATION OF PLATE 10 


Figure 
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[1, Cason Shale, Section-interval 33-1 (Buffalo River); 2-6, Leemon Formation, Section-interval 31-1 (Thebes North); 7-10, 
Kissenger Limestone Member, Bryant Knob Formation, Section-interval 15-1 (Calumet).] 
1. USNM 485795: transverse section showing rank cut by a vein, x8. 
2-4. USNM 485781 (holotype): 2, transverse section showing ““megacorallite” (right of center), x 8; 3, longitudinal section, = 8; 
4, longitudinal section (note probable encrusting tentaculitid on left), x 15. 
5, 6. USNM 485796: 5, longitudinal section showing calices, <5; 6, transverse section, x8. 
7, 8. USNM 485783 (paratype): 7, transverse section, x 8; 8, longitudinal section, x8. 
9, 10. USNM 485800a: 9, transverse section (note irregularly shaped corallites on right side), x 8; 10, longitudinal section, x8. 
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Halysitesialexandricus, n6W: SPECIES: xr. 665-2 scenes ese BBE STO eas AO oe TSO Sa Ee ee nee EEE Oe eee eae 67 
[1, 2, Kissenger Limestone Member, Bryant Knob Formation, Section-interval 14-1 (Higginbotham Farm); 3, 4, Wilhelmi Formation, 
Section-interval 37-1 (Essex); 5, 6, Wilhelmi Formation, 3.2 km south of Channahon, Illinois.] 

1, 2. USNM 485804: 1, transverse section, x 8; 2, longitudinal section, x8. 

3, 4. USNM 485809: 3, transverse section, <8; 4, longitudinal section, x8. 

5, 6. UI X-8723 (paratype): 5, transverse section, <8; 6, longitudinal section, x8. 

Halysitesispeciestcf, H.:alexandricus, New SPECIES! yee ane stang + aie «nw ehensiayagetayn ednemennh a alekcrdeapomes odabeta apelayeyaraieielis tenet ore ee eee 12 
[7-9, Sexton Creek Limestone, Sexton Creek, Illinois.] 

7-9. UI C-1346a: 7, transverse section, <8; 8, transverse section, x 20; 9, longitudinal section, x8. 
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Figure Page 
ll, 2, ETOP Sesetes AN. ceo 5b 6b coo eee ae ioe Geen nine ee oeean aS An aan Ss eerie eon ado rm pomataaotcbtoda 73 
[1, 2, Sexton Creek Limestone, Sexton Creek, Illinois.] 
1, 2. UI C-1346b: 1, transverse section, x 8; 2, longitudinal section, x8. 
= bleam CALCHIDON AIA WIENCICA NC WESDECIES weet itye fee ceister chee atest he yevey vee each Teh ean aiel sp evel ava veodel ore ale elated aden ascolaleroyarcysaciehelsiersierekeve > 74 
(3-10, Brevilamnulella beds, Keel Formation, Section-interval 23-2 (Lawrence Quarry) (site 23iv); 11, Kissenger Limestone 
Member, Bryant Knob Formation, Section-interval 14-1 (Higginbotham Farm).] 
3-6. USNM 485780b (holotype): 3, longitudinal section, x8; 4, longitudinal section through a single corallite, showing rejuve- 
nation (detail from upper left in 3, turned 10° clockwise), x 40; 5, transverse section, x 8; 6, transverse section (detail from 
left of center in 5, turned 40° clockwise), x 15. 
7-10. USNM 485785c (paratype): 7, longitudinal section, x 8; 8, longitudinal section (detail from lower left of center in 7), x 40; 
9, transverse section (detail from upper mght of center in 10), x 40; 10, transverse section, x15. 
11. USNM 485812b (paratype): transverse section, x 15. 
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Figure 

1-11. Paleofavosites subelongus (Savage, 1913) .... 
[1, Brevilamnulella beds, Keel Formation, Section-interval 23-2 (Lawrence Quarry) (site 23iv); 2, 3, odlite of Keel Formation, 
Section-interval 23-3 (Lawrence Quarry) (site 23i); 4, 5, Leemon Formation, Section-interval 31-1 (Thebes North); 6, 7, unnamed 


member, Bryant Knob Formation, Section-interval 18-1 (Kissenger), 8-11, Bryant Knob Formation (undivided), 5 km south of 
Clarksville, Missouri.] 


. USNM 48578%Sa: transverse section, x8. 

2, 3. USNM 458776: 2, longitudinal section, x8; 3, transverse section, x8. 

4,5. USNM 485819: 4, longitudinal section, x 8; 5, transverse section, x8. 

6, 7. USNM 485824: 6, transverse section, <8; 7, longitudinal section, x8. 

8,9 
1 


we 


. UI X-878a (holotype): 8, transverse section, x 8; 9, longitudinal section, 8. 
. UI C-1465a: 10, transverse section, <8; 11, longitudinal section, x8. 


PLATE 13 


BULLETINS OF AMERICAN PALEONTOLOGY, VOLUME 108 


PLATE 14 


BULLETINS OF AMERICAN PALEONTOLOGY, VOLUME 108 


ORDOVICIAN-SILURIAN COLONIAL CORALS: YOUNG AND ELIAS 131 


EXPLANATION OF PLATE 14 


Figure 
PE A1eOfAVvOStteS|SUDEIONGIUS! (SAV ARCHOS) sce ose. oncyaves exes, 5/0 cay ec ser oy cue ateeehe ce tenes ee ISSA nie eer ol onetcters afehags cay agetetay apovonavejeceheue nV acavcteeselee Ts 
[1-3, Kissenger Limestone Member, Bryant Knob Formation, Section-interval 16-1 (Clinton Spring); 4-6, Bryant Knob Formation 


(undivided), Louisiana, Missouri; 7-11, Kissenger Limestone Member, Bryant Knob Formation, Section-interval 15-1 (Calumet).] 
1-3. USNM 459086: 1, transverse section, x 8; 2, longitudinal section through a corallite, showing lobe-like depression in tabula, 
x20; 3, longitudinal section, x8. 
4-6. UI X-771: 4, transverse section showing septa and corner pore (detail from right of center in 5, turned 10° counterclockwise), 
x 40; 5, transverse section, <8; 6, longitudinal section, 8. 
7, 8. USNM 485834: 7, longitudinal section, x 8; 8, transverse section, x8. 
9-11. USNM 459074: 9, transverse section, x8; 10, longitudinal section through entire corallum (note abrasion of upper surface), 
showing cyclomorphic variation and corallite expansion, x 1.5; 11, longitudinal section (detail from right of center in 10, 
turned 20° counterclockwise), x 8. 
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EXPLANATION OF PLATE 15 


Figure Page 
l—12. Paleofavosites'subelongus (Savage, U9U3) i. oc. eee eee cece oseiessie sole euece apes nibs etetetonsze ooee esotoha tere) s steve she eee te eter eee een 78 
[1, 2, Cyrene Formation, near Edgewood, Missouri; 3-12, Kissenger Limestone Member, Bryant Knob Formation, Section-interval 
14-1 (Higginbotham Farm).] 
1, 2. UI C-1458d: 1, transverse section, <8; 2, longitudinal section, x8. 
3. USNM 485850: transverse section showing structure of walls and septa, = 40. 
4. USNM 485848: longitudinal section showing structure of wall and septa, = 40. 
5-7. USNM 459080: 5, longitudinal section, <8; 6, longitudinal section showing regeneration, x 8; 7, transverse section, x8. 
8, 9. USNM 459078: 8, transverse section, <8; 9, longitudinal section, x 8. 
2. USNM 459081: 10, longitudinal section, x8; 11, transverse section through upper part of corallum, x8; 12, transverse 
section from lower in corallum, * 8. 
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EXPLANATION OF PLATE 16 


Figure Page 
SE AIeOsaVOSITeSISUBELONGUS)( SAVAGE e193) te rereeiachecoseay sss aera) ays fere eo vSa sara i Paes Ste PO se, = MRS EEE are Peed pers eae eee ere aya sere ee 78 

[1-12, Kissenger Limestone Member, Bryant Knob Formation, Section-interval 14-1 (Higginbotham Farm); 13, Cyrene Formation, 

Section-interval 13-0 (Bowling Green).] 

1-6. USNM 459079: 1, transverse section, x5; 2, transverse section (detail from upper left of center in 1), x8; 3, transverse 
section showing three-sided offset (detail from right of center in 2, turned 30° counterclockwise), = 20; 4, transverse section 
showing four-sided offset, x 20; 5, longitudinal section through entire corallum, x 2; 6, longitudinal section (detail from center 
in 5, turned 10° clockwise), x8. 

7, 8. USNM 485866: 7, transverse section, <8; 8, longitudinal section, x8. 

9. USNM 485839: transverse section showing regeneration following partial mortality, x8. 
10. USNM 485860: transverse section showing corner pore, mid-wall pore, and offset, 20. 
11. USNM 485846: transverse section showing offsets and corner pores, x 20. 
12. USNM 485858c: longitudinal section through entire corallum (note abraded upper surface on left side), showing cyclomorphic 
variation in spacing of tabulae, x 1.5. 
13. USNM 485874: transverse section, x8. 
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EXPLANATION OF PLATE 17 


Figure Page 
l=7.; Paleofavosites subelongus (Savages, V913). 2.2% cas cies o:0. 0 ysis ere ost eyo coon me caolayecel ses) Me sterooceiote el shasieiel ats etic cies Cree eC eer 78 
{1-3, Wilhelmi Formation, Section-interval 37-1 (Essex); 4-7, coral-rich bedding surface of Mosalem Formation, Section-interval 
32-1z (Thomson East).] 
1-3. USNM 485877: 1, transverse section, x8; 2, transverse section showing three-way corner pore, 20; 3, longitudinal 
section, x8. 
4, 5. USNM 485886: 4, transverse section, x 8; 5, longitudinal section, <8. 
6, 7. USNM 485897: 6, transverse section <8; 7, longitudinal section, x8. 
8=1/2- > Paleofavosites'species: ci: P.subelongus)(Savage,, 1191'3)) y..0 se soclacn sce a sie cree te cine oe eee Ee cee eee eee ene 89 
[8-12, upper Mosalem Formation, Section-interval 32-1c (Thomson East).] 
8. USNM 485930: transverse section showing mid-wall pore, x 20. 
9, 10. USNM 485929: 9, transverse section, x8; 10, longitudinal section, x8. 
11, 12. USNM 485934: 11, transverse section, x8; 12, longitudinal section, x8. 
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EXPLANATION OF PLATE 18 


Figure Page 
PE ZILOS AVOSILEHAGGENSIS TIE WISDEGCIES meyers oe ener ee SRS ISS TS Ie one ECE OE Seek 91 
[1-3, Cochrane Formation, Section-interval 23-5 (Lawrence Quarry) (site 23i); 4-8, Cochrane Formation, Section-interval 35-1 
(Henry House Falls); 9, 10, Sexton Creek Limestone, Alexander County, Illinois; 11, upper Mosalem Formation, Section-interval 
10-3 (Lost Mound).] 
1-3. USNM 485936 (holotype): 1, transverse section, x5; 2, longitudinal section through base of corallum, showing group of 
basal corallites and holotheca, x 15; 3, longitudinal section, x5. 
4-8. USNM 485937 (paratype): 4, longitudinal section showing sediment inclusion and regeneration, <5; 5, transverse section, 
x 5; 6, transverse section showing offsets produced during regeneration, x 15; 7, transverse section showing walls and mid- 
wall pore, x 40; 8, transverse section showing walls and corner pore, x40. 
9, 10. UI C-1347: 9, transverse section, x5; 10, longitudinal section, x5. 
11. USNM 485941: transverse section, x5. 
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EXPLANATION OF PLATE 19 


Figure Page 
l—7.. Paleofavosites:species cf. P. .ivanovt Sokolov, 195 Vai 2222 «ox essen eters ete ots: ceyseelossie hie tleteteyae mlvinicioiererelnierotetlolelae lettre ee eee 94 
[1-5, limestone facies at base of Bowling Green Dolomite, Section-interval 17-la (Clarksville); 6, 7, Bowling Green Dolomite, 
Section-interval 36-1 (Indian Creek).] 
1-5. USNM 485943: 1, transverse section, x5; 2, transverse section of corallites at corallum margin, showing wall structure 
and curved free walls, x 20; 3, longitudinal section (note axial depressions in tabulae), x8; 4, transverse section (detail 
from left of center in 1, turned 80° clockwise), <8; 5, transverse section showing wall structure, x 40. 
6, 7. USNM 485942: 6, longitudinal section, <5; 7, transverse section, x 8. 
8=12;'Paleofavasites:SpeCieseA.\ 56k cs.sceiscs gaia sysytes sara basotee roasts SO MEET OOo PER IGA ER ee CU EER CEE ee eC ee ere 96 
[8, Elwood Formation, Section-interval 5-2 (Schweizer North); 9-12, Elwood Formation, Section-interval 6-1 (Plaines West).] 
8. USNM 485944: exterior view of transverse surface (note crenulate tabulae), <5. 
9, 10. USNM 485948: 9, transverse section, <8; 10, longitudinal section, x8. 


11, 12. USNM 485946: 11, transverse section, x 8; 12, longitudinal section showing cyclomorphic variation in spacing of tabulae, 
x8. 
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EXPLANATION OF PLATE 20 


Figure 
1-10. Aulopora species A 
[1-8, Brevilamnulella beds, Keel Formation, Section-interval 23-2 (Lawrence Quarry) (site 23iv); 9, 10, Wilhelmi Formation, 
Section-interval 37-1 (Essex).] 

1-7. USNM 485785d: 1, transverse, oblique, and longitudinal sections of corallites (note that corallites encrust calcareous 
algae and one another), x 5; 2, two corallites (seen in longitudinal section) are based upon another corallite (in transverse 
section), and the corallite on the left has another corallite based upon it (on left), x 8; 3, longitudinal section of a corallite, 
with another corallite based upon it (on left; detail from above center in 2), x40; 4, longitudinal section of a corallite, 
with another corallite based upon it (on left); 5, transverse section, x 15; 6, transverse section showing wall (detail from 


upper half in 5), x40; 7, transverse oblique section of two connected corallites (detail from upper right of center in 1, 
turned 20° clockwise), x 15. 
8. USNM 485780d: transverse section, x40. 
9, 10. USNM 485952: 9, transverse section, x 15; 10, longitudinal section of two connected corallites, x 15. 

WN, Ra TO SECTS Nia eidess bAb-0 oS ORR BS AWD Bearer ne ODODE CON Ean Caters orioooade Caan Snore ceiomriaaae 99 
[11-13, Leemon Formation, Section-interval 20-3 (Short Farm); 14-17, Leemon Formation, Section-interval 31-1 (Thebes 
North).] 

11-13. USNM 423401: serial transverse sections from a single corallite, in order from lowest to highest, = 40. 
14. USNM 485770b: transverse section, x 40. 
15-17. USNM 485953: serial transverse sections showing increase, x40. 
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Figure 


1-14. 


15-25. 
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EXPLANATION OF PLATE 21 


Palacophyllumiispecies: 6 00.iscs ccoseciace orsa isso hv weno 6% a0 eia al Mero aoa one GRO Tae CIOS OD Bidy ote Tkes Bieks YS eTO DM eactafehsi ster OIC ECE 
[1-3, odlite of Keel Formation, Section-interval 23-3 (Lawrence Quarry) (site 231i); 4, Kissenger Limestone Member, Bryant Knob 
Formation, Section-interval 15-1 (Calumet); 5, 10-14, Kissenger Limestone Member, Bryant Knob Formation, Section-interval 
14-2 (Higginbotham Farm); 6-9, Kissenger Limestone Member, Bryant Knob Formation, Section-interval 14-1 (Higginbotham 
Farm).] 
1-3. USNM 485954: serial transverse sections through a group of corallites, in order from lowest to highest, x 7. 
4. USNM 485955: transverse section, x7. 
5. USNM 485959: transverse section, x7. 
6-9. USNM 485956: 6, 7, transverse sections, x 7; 8, transverse section showing structure of wall and septa (detail from upper 
half in 6, turned 20° clockwise), x40; 9, longitudinal section, x7; all from a single corallite. 
10-12. USNM 485957: 10, 11, transverse sections, x7; 12, longitudinal section, <7; all from a single corallite (note epizoic 
bryozoan). 
13, 14. USNM 485958: 13, transverse section, 7; 14, longitudinal section, x 7; both from a single corallite. 
Pycnostylus:SPpeCieSiAe cj %cce sin s6 ore cagaitie asag tc atvisala sd eeesa ee Sud aottav eth, aoe te eared one Rea TE ea MeL A IE eee rae oe Ree eee eee 
[15-25, channel-fill beds of Mosalem Formation, Section-interval 32-1b (Thomson East).] 
15-17. USNM 485960: 15, transverse section, x 15; 16, transverse section, x4; 17, transverse section (detail from upper night 
side in 16, turned 20° clockwise), < 20. 
18-22. USNM 485966: 18, exterior view of broken longitudinal surface, x2; 19, longitudinal and oblique section, x7; 20, 
transverse section showing connected corallites, x 15; 21, transverse section, x 7; 22, transverse section, x7. 
23-25. USNM 485961: 23, transverse section, <7; 24, longitudinal section, x 7; 25, transverse section (detail from left side in 
23), x15. 
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unnamed member ............0.. 12,13,18,25,26,33,89,128,B 
Buddemejer‘and khanzie\(19'76) faassen s ve ce seneclac ete ae 32 
BuehleniGlOS 5S). cotennc metccws ce raeicitnatec cctin see aoniiee ers 
IBUTsPORMAatiOn yg sey. sient cs he-toyss ene seek oes OS OTE EELS ET 95 
IBULSKAVHELOTIZOM eos eteyeve case crcsecev ans atcyatent fo ueicia a feyavevareca crane 95 
Galammopora! Goldfussing .aateivach 2.0 aes alton atch eee 39577 
Galapoécia Billingsimermun crear: nt estas cid nee dees ee 19,21,87 
ANTCOSLIENSIS:BILINGS ante sees cies + asta eae my eer 21 
favositoidea Savage .... 2... 0.2 cece eee eee 11,13,78,87,89 
Calopoecia favositoidea Savage ....... 0.60. c cece cee eee 89 
GalviniasSavagcua.taseeecanine nee aire na anita: 44,45,60,61 
edgewoodensis Savage .....-......-seeeeeeee 11,45,59,60-62 
Gana dacs cciras beta aineed otyses idee NRO es Ne enavn eGrbrvive Ataapan Meena late 20 
Arctics:Somersetalsland (2 6. c.¢ c esvee ve cicicse ws ose vis cio suere's 71 
CANCEL ALGSPrOPOT RRM ar. © crs) sleve.svesdve 0 58 ar nperey looove eee 54 
CANCEN ANSON MIS! PROPOKA  acsqeciasie azsered 4/002 (sanding 4412 artes 45,54 
Canomodine himestone). . sn cnectc secs seca cee iccne es 70 
capax, 
ES AVOSILOS arcins st ia sets OO BIS estas OSI aes Beene einai ents 88 
IP GIACOSAVOSILES Sais eles eee ea ilete oto aieinis Fe ee 88 
IRGIEQAVOSILOS) ae eraser eer ocGre nee race he 77,87,88,93-95 
CApaxx(SPHcts): (PAlCOfAVOSILES ns sce te seen ee wees ote 88 
CApilliformissGQlenipOrd rt: asa ccie oak nae he a ise alae ee Oe 76 
Caramamican(l9.92)i ie anes cofsttyacn cress etatertneexersis. ave ane 4 evee ahevere 102 
Gargo; Greek Eimestone: 225. sa cen-au cen cca: hopes mere 100 
Garter yen Greece Sees acess reese tei eee tev cote erases 9,13 
Cason 
“Brassheld:Limestone) 2c canara soeeteiewse cc 10,B 
Oolites aes eae tee Me isheieven eda Sete 10 
Shale cheers cemeteries 10,18,34,72,125,B 
Cataract Group, Manitoulin Formation ................... 52 
Catenipora Lamarck ............. 41,67,71,73,74,75,76 
arctica Ghermvsneva.cc aivsnn oiiokee cians sc ain eae 76 
capilliformis Kokscharskaya) .... :... 6.000 eiee0s<nsevae sas 76 
CE eotlandicaiQabbe) iy epee 4 ssieie bounces serie eee cee 74 
(CV ASSCSUASIN SK alge Meee ase ne ayencneve av he cyevencse aia eae eases 67 
escharoideseamarck |. naaee sce akaneee hoe ee ncee 74,76 
POLANGICAM ADE)! wereree eye ox rena wants eee ee 73,74 
JAN VIR StASINS Kae terse ciate a, Acie evict aati ears eect a 76 
IAWIENCIC@ GSD! 2 airs ord aeestepeth See pcled sev olen cin, AE GE he 
shes Siaghcaeesens 12,7,9,10,12,13,17,18,20,26,34,41,69,73,74-76,B 
PINUECSTASINSKA’ cpavaneraxe eine cree tefols ie eee Sreetais eters cad reuse 76 
DUS ISD SPAS rend cczresoyoses win, rei screened ah aoe wick By ea 76 
PANZARUGAMANN: se te seiavavevadatecstausrsfaeel a nvevace erste sauses save ee eee 76 
SDs. 2a ang Pes erie Ohne Aa erie Lee oo ee cee ee 76 


zhejiangensis Yii . 


Catenipora (Catenipora?) minima Yu ............0..00000 76 
Gateniporinae*Hamada soem. ence ciaceroteieiiernn arene 67 
catenularia, 
ETAL SLES a ra NEE ORE ee Cee 9,72 
TPUDIDOVae oe Aas ee OA aA be EG Ce ee 67 
CALENUIANIGIMICNOPONG: IAIVSILES: 4.200 epee ee eee te 76 
CalenulataNHGlysiteswmn sheen ei eee 13 
CatenulatusHalysites (2 oaeadeecatiec kee 11,13,72-74 
Gaution! Creek, Bormationya...44.216 cane ee aoe aaa eee 102 
member 1 iivtdant acerstensitd onea site ieee: Teno 88 
MEMBER'S fess or taversaes, siseheniaietete spalshacs wrote Mare tereee eee 95,96 
UPPEM MEM DER race sats is cee ees ee ee 88,95,96 
Gavelia'Stechows sce eee Ore eee eee 44.45.60 
edgewoodensis\(Savage)) aa.cisc teres cco eee 59,60 
Gedar WakesFormation | sis caeiigeanctsicls seen oe eet $4,103 
G@hannahoniLimestone™ {2.4.0 eee tet ieee scene 55,72,89 
GChasmiGreekoFormationye ss osetia eet 87,88,102 
member) s 4s ck eee ic eee cae eae eee 88,95,96 
MEMIDER 2 xs pps close ea acavs sinie he eit ein Roe 88,95,96 
Chernyshevii (i937) maretecvscicieslt accent sala aciee pecan eee 93 
Ghernyshevi(U9 41) ince aeias eteyssrsiae tins essere aretetucekuar a aenetee 74 
Chicotte Formationiis secuctaceie race cece 53,54,63 
Chimneyhill Limestone 
glauconiticihmember 9. {asec-s022 ce euussse eee ae eee 9 
OGLitIG: MEMBER) oe 4 4.5/5 asia vases nh gera ace atetehcneral oe ee eee 9 
@hinay’). ccs ltha dens witness Sas © aCe eee 102 
Chekiang: Province: seer cess < oina.cfs onc cine ieee 54,100 
Guizhou! Province! Mor sees «| scacinces ctor eee 66 
JiangxdsProvinCe 4255 hava yevcie ies eve ies tos ayaa Tae re TOES 76 
Kaangsi Provinces. osisclaats cuss Healer ee meen Cee 54,100 
ZNE}ANE PLOVANCE. Yeh e.2 ee aise @ a.as aes ale een ae ae 76 
Churchill’ River'Group) osc. a saeco oe ee eee 19 
Gleari€reék: Limestone: 0.2.05 56 2.2 ayn e eee eee 11 
Glemiville’Formiationis!s<ic/.)sciccs ccs ane » cetera eee 93 
Cliefden*Gaves:Tcimestone; =. ./.. 12-00 cs seer 99,100 
Coatess(UG84)). eeosds wigsies Gods ww ie osnuets 20 ore A ee nee 42 
Woccosendidae Kaaen; t.evisvea. cece sa Geen see 13,17,65 
Goccoseris:Eichwaldl |. <i sjeye0c 7s cers o22 ee ere eee eee 65,66 
Cochrane: Formationi. s.24.¢..02227 be iciasescieee 9,10,19,94,133,B 
GOluMnarigspl ts a <.¢ old cis sae apace oles oe ee 13 
Compactus; AGIGOlIES! << viens sae 00s wac:0s) 2 eee Ee 65 
conferta, 
PIGSINODOLA binds eccna 5 elects ont. 9 3 tne.s Ae Lee OIG 61 
PYODONGN.s 25 ard ction kinve lore sania caves? arse teeter ace 45,52-55,58,62 
conjerta var:.tunicata, Propora ..:.5.200..:0502+ eee 45,54 
Copper:(1978)- 2 dijon Gaciatis ogame cutee e cde Reet e eee 93 
Cornulitidaé: Fisher ©. «6.0.05 ..<.s.s04 siden as. opera ee 98 
Cote 22: Gki(U968)" 5 naasssemscscasenes nscclee net eee 104 
County ROvtE2) —os0.4 aax stesso sont eae eet ee 105 
Graig(1984)).. oo csa occ canna aie aatie de atte Ae eee eee 104 
Graig (1988). soit casien eeeteiew aware cee Ole ae eee 104 
Craigy We Woe ascacesiest maceciens « sk aon ae nena ae ee ee 8,9,72 
CrASSG;(CQICNIPONG aie cen ractenm sheen see eee 67 
crassum, Rhabdotetradium jiangxiensSe .............02 005s 100 
cribriforme, Tetradium 620... -a0..aehn ast oe pee eee 100 
(Ghvolo) en Gel Shar cen Arena Gitte ae Si o.oo 26 8,72 
Cutter Dolomite’ o.6 cdc invacsaackened tack eee 19 
Gyathophylloides DyDOWSKi. « ...<.s2 stceaici arene ee tee eee 19 
Lyterion: Bolton 5.25. dase. oaveven'e ser. h-siaye a eee ee ee eo 21 
Gyathophyllum'sp?: ~ «sina kwx qc tveretetaacte ayes cee ee ee eee 13 
G@yrenevFormation cin. ees « tte sire ocr Rise eee eee 
be nee fee 12,13,18,20,33,39,55,58,65,86,89,105,123,130,131,B 
Dana(1846) 6 os cre hoenece cores, Pe ee i ee eee Ui 


Davidsoni?, ACerviulariay iccn i crcrsarete cd cect ele Se Oona ee 13 
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DEcOrany Shales easier recor Weeds ee rayorenererc eve ese ete eevee os = 99 
DEA AOU SON Gooocacaceonuaeccosocaadoubesenod 78 
Dixoni(974)yeeaceeceaeereanerr 34,38,42,43,45,52,53,59-61 
DIXON CUGTO) ee crscsoreravevevcreycveretersrsisie artiefemeo.e.e wes car areyessizcers 68,71,72 
IDIbA OT (GIGI) a agate cus aeecon ocich cho ao OOO RreS omcmcat ts 65 
Dolborshormationy creche screen els Gis ate ipsetemig eco 99,100 
WolborskayayEOriZOnes gave. retoesars es sicier ata eines see Sees 99,100 
Dinca (CIE sooo pea Rane Go Soop CE aoe OC AGe crescres 9 
EasivArmibonmationwrerrceric cree sacra ee steered re 54,88 
EGKerta (OS S)mee pete cterscrsais. cave ochereaas as ae uO ER oe 20 
Edgewood 
FASSEM DIAGE 8 E-Sys. oc anparanvnorntis wits aer ets F,7-9,14,17-22,34,B 
IRORMAL ONS cree erasers Foe aoe 11,13,55,58,62,65,72,89 
(Gyrenes lem Der ep erstecce esate iol tev eatetere crane ects 11 
MEITMNESTOME ptr. oe Ee Tagore oie ee oe IS See esc 55,89 
IPrOVANCCUR Giants ccotenesis Oars F,7,8,19-21,22-26,29-31,33,34,36 
edgewoodensis, 
(CATES coat So ST GR Ne RENE, CRO EN ee ON OE 11,45,59-62 
(GONGLA* 5 eon ee cine Ro Soe Ee eee 59,60 
TRG OITICS: see cho: hho OO SR OTC eo ROCCO Gtr Seo ae Hil 
Bhrenbersy (S34) tiem crac terse sys Sy cneie evarc vers aiesaners eseeiaren oie os 44 
Bichwaldi(855=—1860) yee. ete sisis cerca oe Oise croton 65 
EES (ICRP) ins Soe 35 canteens inn ne ee ee ee 820,104,105 
EVES GORD)» Cb emacce. co cats ada tao Ost Deon ROE a eoeee 20,21,22 
LEK (GIG) Soe aceckrs Sau e etn ne nete He eerie 88,95,96,102 
EeLiasy (11992) eer tere vctstarsias orcsseiere 8,9,14,18,19,22,104-106 
Elias and Young (1992) ....  8,14,19,21,45,58,64,72-74,76,78,94 
Bliasrenain(S 88) ie een ta cron harass ecole ses oticien 22 
LEANN, 1 ee Saas tn en ee Oe 8,9,44,72,77,100 
Ellis Bay Formation ..... 17,21,38,52,53,55,60-62,76,88,97,121 
MGM 7. bes oshedtten aes ot oUe sOeETe roo Co Ino Conor 60 
TNS eS} to o ama sie Ob ORR Oana tian eet ae 98 
FTVGHT DOTS rere vere atevaveve soso oes sic) 81s) snares elaeoieraysiayeyeeon el tess 76,88 
MADSCI) 5 A So cea SS PDC OOOO eR eGo Oni ac oct CII eT oats 53,60,87 
Ten oe aod HER GEE eS Eo eee 53,60,65,99 
CLSCNSISWAULOD ON Amerne Reser ae NEN ice ie eee ee 98 
Elwood Formation .......... 14,15,17-19,63,97,105,122,134,B 
Ely Springs Dolomite 
lorideyiem ber marry ieiere cis cee ae Peace Sie alee 88 
sostaGanyonyMem bere. ates cars sie sae antes 88,102 
Enplangd eSOUCHWeStir. sec ctere spears vsates ors bic elaucse ete eae ctesrertnect 40 
GEOUS; LVUINDG. can nudgde ad BAUS USSOOD Ma aoe Ca One nO doe aC 99 
IOCALENIDO/ GitlaMaGal emer ae cnenakeecke rete 74 
Eolaminoplasma Bondarenko «20.1002 0000 cece tenes ees 63 
ESCH OIDESMCALENIDOLUL Re ietaele ce oto ee ee 74,76 
ESSOXSIRITNESLON GENE este niche ects in sa ee iPeeereaiete iee cne 13 
ESTOMIAY Ree elle essence te ete tees 17,61,70,74,76,87,93,99,100 
Borkholmeye se ersscwi tsar osoee Sade tees Oa eee 53,54,61 
Chav lier Seen ern thins cree ern ae 53 
Eohenhoimtint Mage) vac tacos oan cee eee leon 61 
Islandvo@Eiinamaeser aaeriec ec ene eee oeiaceeene ee 61 
INAATEESSAATE) yore troy ye erat: ae ars Rola TOI AEE rae 61 
PRL STS all irre eter to aes reece seh ea a he eevee re ota A erect 61 
| DEO) YS 9 Ba Bern Cara Screed OoRtiOr OOLIO HIME & PoE Ee 55 
TO} qd6ls g1 eA om inti ad. Cloris pa ty cncls MSGI GEOR ec oer 55 
MOFEDWEStEMME (iss AevAsiatavsrapevepensis simmer nleisiotere Sem a hee cteert 32 
CX LUCMTOD ONG nee Noe eee Sen) I a OT aa 45,55 
ESALYISTUNICBES | OWE Tate oroickoncrey stake iexeke At resi Oe oe eis 19 
IBGVOSILESIEAMALC Karey Peri eee eer 39,46,77,78,93,94 
ASP ETARALOUDIODY/ eraser eosin restates clei siete seereeto rate a) 
COPAZAB INNES Meese y ersterete re TE se R OI 88 
Ciara earensisitialllsePrer ree recrien een ee ead eee 13 


Gi WAVAUOOUSENETS scacoonddeoddsecee codonaonoanopne 35 


favosus\( Goldtuss) ee eee eee eee eee eee 9,11,94 
otnlandicusslamarcksem eee ae ee eet reer 93,94 
LN gens MAAAMANN Ese sere en er Oe ene eres Cee 93 
MIAGATENSiSelialligtsnee ee CLE ee EL Ee 9,13 
DROUICUSIBILIN GS) sane ee ee Re eee eee 87,88 
SD SME ce ecratetietetaaeyekrate: Hoe Geir Crear acsig ie aie tions Sota 9,93 
SDlgt mort sath eee ee Ee EE Oe nS eee ey ae eee 13 
WIA DOPOSENEES sean conehnconsotoac 11,13,55,78,86,87,89 
aVOSittcaeaDa nal vase ycix tho ays .cloicless (crea APS Oe 17,18,77 
HAV OSItIG Sp hANGeta seer S ocscars oetore sets AOE ee 14 
avositida Wedekind! =. 225-0200. 5 40 17,18,22,25,41,43,77 
RaVOsitidacwDanammtcrint es eo. eee mec eeine 17,18,23,77 
Ravositinapwedekind iem.,...-tyat cic nner eee 17,18,77 
EavositinaesDanay.... eecmaristaecin mctan eee eee eee 17,18,42,77 
ifavositoidea;Galapoecia «6.5... eec ese sees 11,13,78,87,89 
iavositoidea | Calopoeciak wea ses ase ones nce oe ee 89 
Sf CLVOSUS IR AVOSILES ort eY  e 9.11,94 
ay (UO SS) ae, Se ceess., tek ye pine cabs Rice bie cay eesti 104 
DEEN LORE Poe otha eee Ss eeener ote eater PA ne EPs aie Mees co 104 
ischer=Benzoni(lSi)erteniacce raiser econo een 70 
Bischersvonawaldheimi(i8il3)i- eee mate eee 67 
nischersvion-Waldheimi(1828)) «.2cce cn ee eee eens 67 
Bishen((i962) <2. syste tert sisters otatt drome GATOS oT aes aoe 98 
isheraBranch Formation. 4.1.6 sec ae eee 21,54 
BIOWER (USGI) hee ere eee Ac een Tatehete Pate teeny 67,77,102 
Rlowerand Duncan (1975S)ie soe en osciee nent eee eee eee 44 
RoeTster (L909) ie ysciiesisnctsicie ome cteeretees 11,45,52,55,116-119 
ROETSTE AL GE ee teratoca sare oiots ate aoa or poe etaI ee 811,55 
follis, 
PLGSTPIOD ONAN. ceseystoleteccss ears er MART aeER ET atol RE EE: 64 
IPSCUdODIAS ODOT Aero ene ee ee 64 
lforbesijormis;/Palaeojavosites peeennniss oe see eens 78,87 
forbesiformis (sp. cf.), Paleofavosites .................... 78,87 
ROssUVv il vRonmati ong vaccit: pereeir cree ee Renee 93 
Petovsl te) c(i LSS) ta neo Gis aim atic mrien G cock aa cod ocetineon 42 
d skate) ely GIRS) lost 0 ct 15:4 AS ORO OMI CIE IAG Grama nue Ane AG 44 
Britzs(1939)) card Pac cme eiticer em iesener ta aveseimeiaraetoene WE 
TutexeRNADAOIIAdIUIN Pere ee econ e eos. cent eee 100 
Gastropodenkalk eee fi sassene eons eee eee eae 62 
Geological Survey of Canada, Ottawa, Ontario ........... 9,76 
Germany 
IBENSDETp tenet rit eee et ee eee Eee 97 
Eifel District ses cctce aren soe ere ETO 97 
Gibsonand:;Broadheadi(1'989)) 222...) pee eatees ccs creel tere 29,31 
Gierlowski and Langenheim (1985) ...............c.-.-5- 102 
Girardeaugleimestonep ane ects elie oevaenieeers 10,11,100,B 
Girtys(l89S) ik oe: essa ae roateiee canteen Ottis sree eee 39 
girvanensis, Propora (Pinadcopora) ..............0000000s 59,60 
SIADIDEPrODONUM ner aa See Ore ee ee ee OE 63 
Goldfuss/(11829)) vcs shioncs ates eee were ev oto irere eit ree 77,97 
Gondwanay 20% isrs ccs sreteen oe ere evan enseste ores eee ort ee earache 8 
gothlandicus; RAVOSItGS: aac. cia castes ss eines Sere ese 93,94 
gotlandicanGalenipOrdedan cicero teeta eae eee 73,74 
sotlandica(Gh)NGateniporae saree eke eee 74 
SOLIGNAICUS CETQALYSILES iE tetrscha ei eric eee ee 13 
le IAUCION UPI Ee GAndapn Abo nannaonDeadtdasorensbos 102 
PT AVIMPINACODONA) pene nee ee Ci eee ee 59,60 
Greenland’: Fe% setts crvespakeoptereeon vetet ote hey oe raver ccegtce eee Tae 89 
GSC [Geological Survey of Canada, Ottawa, Ontario, Canada] ... 
bfetiltshocrPoalstdcccaueirees 44,52-54,60-62,87.88,95,97,99,121 
Guelphgbormationsemase ae ee eee one 102,103 
PUCIDNENSIS PEVGNOSLYIUS a sertet retire ace eerste iste eer 102,103 
PUL] AN GEMSIS MET OLATACA wa ences ete ee eee 66 
GuntRiverFormationy sso-ee eee eee 52,53,62,87,88,95,96 
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Yall GS 4:7) pee ato fetes ce Vara creotcie oe cdavensie Cee a Sect eae errs 65 
1S ENG RZ) lene eran en Parte eemrai ce tan tee A Fn RR ns AEs 70,77 
Halysitesubischer von) Waldheim? «2.20.0 «senate eerie: 
Esp PP TOO CTE aCe A 7,13,14,19-21,34,41,67,70,71,73,74 
alexandricus n. sp. ....... 9-11,7,9-21,25,26,33,34,38,41,46, 
PR nee Bese Ne hie Se 66,67,69-72,73-75,97,123,B 
Caltenulariai(einnaeus)) occ acct wens eter aie ae eee 9,72 
catenularia micropora Whitfield ...................0005. 76 
CALENUIALANLANNACUS) iconic a cs etniette cir eatesieie a eee 13 
Catenulatusi(Linmaeus). 10-42%. ecice sees. < scene 11,13,72-74 
IPOLLANGICUSAMADC tere ae anes os) ee eee ee 73 
MISSY, Ait ss ain, ats fre axexntega coat avayteapa: SPerscace ies Ways Saaiakelars TP ke erate 72 
praecedens Webby and Semeniuk .....................-- 70 
PTISCUSRAAAMIANIMNY aye = epersne's seca oes eovad Aiepeh ge eitre fae a aitieenans toners 70 
SD ee Sree eee rae ee re ere 9,11,70 
SDE Aro rotets oie ie Sieroter Se VG ie a eioTele Bin eB rcon ove efioren cians eutiotereds 74 
Sp:iChs Aa alexanadnicus, MW: Sp= jase ¢ sercie Sas dqisieuscatcve cya aianse eee 
Sere EAR cere eS 11,11,14,18,19,21,67,69,72,73,B 
SDapClesd Mek SP Nearer eeaiavcvaqs etcrouetanale oni estonia ee rete 73 
EfalysitesvispivA.s giniu. <tjs ies ete ears 12,11,18,19,67,69,73,74,B 
halysitidkspsindeteyacic seis 6 essa ine ae etree eres eames 12 
Halysitida Sokolov ................... 17,18,25,41-44,66,67 
Halysitidae Milne-Edwards and Haime .......... 17,18,67,74 
lalysitimaiSOKOlOWs ws cic cree tetec oman e)eeraus erat rictal tear inte ences 44 
Halysitinae Milne-Edwards and Haime .................. 67 
Farias (61195753) ays haves raises aoeaines os ae tueveviaaiate mote Sraaeen ea Wie 104 
Flamadan(liGoi/\in at ancneh cer dero.chavoree eiaccrne eee dees eaten eet 67,74 
Hamada (1959)0 2.65 .40.05s0aene- ee See a ore ob 71 
Plain tO UO Si) crecespae susvate«rcisveuscteveeysvesyss sueteaversayoicieinte 23,24 
Hawkinsieimestoney ec. cute: cose ciate ciclaeGcrnnce nce sees 9 
FE OLES Danae eee ee ere eer 10,55 
ITS Billings ueeeerye ee rne tee eee ae eee) ee 45,53,62 
SD ease Reena Ra ome rico toaae ea nse errant 11,13 
SPECLOSUS) BINIM SS cee a ateycr slavensrans Sera tamctt dicrayane Dessitvetiens 58,60 
Heliolites? edgewoodensis of Savage .....................-. 11 
Heliolitidaykrechy. S25 ccm oc nes 17,18,22,25,41-43,44,66,67 
RAM Olitin ape recy cy rersrcteaerepetoseisartenercne atst oa hahel anole euscn enero sieraanrahe 44 
FAG QU9S 9) see niare ocs adsrsraielers taste aloe tees sickle? oe 77 
FAM USB) ree ccrereveves slcscesreve 42,44,45,65-67,77,78,97,99,101,102 
Hill and Stumm (1956) .................. snd tate aint eerste ve 
Hodges:andRothW986)gs 28 = fecasiae cro enlag an ccc seq eae enter 24 
FIGEKI Nt DEGS ios natdis Hhcro ete bad scsrbos ence nd Grote d od Spaneiea oes 73 
FLonora’ Group acerca sack ne eee wise nos te staan 52,54 
FLOPKiINtoOnvDOlOmIter rs ..cvasee ae avssneste) aaah ovens: 2 sve /nstene  areatersrseets 63 
Hubbard'and Pococko(l972) <2 .a2+ Saxciiewsscescsukeanveee 30 
ERD aninn (19.92) is scayass syevalers oie preavaee anv aves eos aa aisiatners eeatete 34 
iudsong Raver Grouping.ck ease tates tieticte scores tosnateena cena 87 
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2S EMU TG I) saccne da eespsten tteret ties cuceonereves oclesrega al eee 10,34,72,104 
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sy oYdet- toy OICL.).) Mee aon CRORR SADE ACS Caan Gass bioUcod soc 8 
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Skidmorejand!Wesperance|(198)1)) = 2 nae cee ne scene 88,93 
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CHAI SUIDTE coandcaabanadaan SAOn ACARD ASR AAOE SOS EDE 13 
IRE OSH DBS Sob at te COUR BO NS CETL D DRE E aC O Tonto eatte oF 13 
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Steltandk@ekentorpi (1976) ews ssa eee eee eee eee 78 
Stelkand!@ekentorp) (1980) ecisas easier eee dee coe 78 
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subelongus 
EV OSIL ESSA xe arse vorctotortepneeetele ase Fe ete 11,13,55,78,86,87,89 
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MUAOVTCMEISS See opoe os bebo Dou EH ARB ORSABAR SASS 100 
oklahomensesBasslenaneet een ne ee eee 100 
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WielshyBordenland tn te crs. sutccstae sietcesacts csicisuee enristee te icie 45,77 
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Bulletins of American Paleontology (begun in 1895) 
and Palaeontographica Americana (begun in 1916) are 
two of the oldest paleontological journals in the world. 
Since 1981 both series have shared the same large for- 
mat (82 x 11 inch pages, two columns per page, with 
7 x 9 inch plates). Bulletins of American Paleontology 
publishes papers of approximately 50-200 printed pages 
and comprises two or more separate monographs in 
two volumes each year. Palaeontographica Americana 
publishes papers of 150 printed pages and larger and 
appears irregularly, usually every other year. [One 
printed page = approximately 3.6 double-spaced typed 
manuscript pages; an approximate minimum size for 
manuscripts suitable for either monograph series is 
100-125 manuscript pages.] Shorter manuscripts are 
not normally considered for publication in either se- 
ries, aS numerous other journals are available for such 
papers. Authors with manuscripts of 25—SO printed 
pages are encouraged, however, to contact the editor 
to discuss potential options. 

Bulletins of American Paleontology and Palaeonto- 
graphica Americana are publication outlets for signif- 
icant longer paleontological monographs for which high 
quality photographic illustrations and the large quarto 
format are required. Although the focus of both series 
is On contributions that use fossils as their primary 
database, submissions are also welcome that include 
substantial neontological data that can be applied to 
paleontological problems. Contributions on any taxon 
are welcome, including macroinvertebrates, verte- 
brates, plants, and protists. Although most contribu- 
tions focus on systematics, it is expected that the sys- 
tematic treatment presented will be placed in bio- 
stratigraphic, biogeographic, paleoenvironmental, pa- 
leoecological and/or evolutionary context. 

Each manuscript is reviewed by at least two review- 
ers and the Editor. Authors are encouraged to suggest 
potential reviewers for their manuscripts. Reviews are 
not anonymous and the names of reviewers are pub- 
lished inside the front cover of each issue. 


FORMAT REQUIREMENTS 
TEXT USAGE 


Authors are referred to The Chicago Manual of Style 
(fourteenth edition; University of Chicago Press, 1993) 


for general guidelines on usage. Where there is conflict, 
current style in Bulletins and Palaeontographica pre- 
vails. 

All manuscripts must be in English. Authors of 
manuscripts containing extensive discussion of ma- 
terial from non-English speaking countries are en- 
couraged to prepare an additional abstract in the ap- 
propriate non-English language. 

Double-space the entire manuscript, including ab- 
stract, text, references, tables, figure captions, and ap- 
pendices. Number all pages, beginning with the title 
page and including tables, table captions, figures, figure 
captions, plates and plate captions. Do not justify the 
right margin. When using computerized word proces- 
sors, italicized words may either be underlined or ital- 
icized, but use only one or the other throughout the 
manuscript. 

All manuscripts should contain a table of contents, 
lists of text-figures and/or tables, and a short, infor- 
mative abstract that includes names of all new taxa. 
Acknowledgements should follow the INTRODUC- 
TION in the text. 

All measurements should be given in the metric sys- 
tem, alone or in addition to their English system equiv- 
alents. 

Four hierarchical levels of section headings are used: 

1) centered, all upper-case 

2) centered, Upper- and lower-case 

3) centered italics 

4) Flush left, italics, indented. 


For example: 


INTRODUCTION 
Study Area 
Geological Setting 
Surficial Stratigraphy.- - - 


Spell out the words “‘Plate”’, ““Text-figure’’, and ““Ta- 
ble” in running text; abbreviate them to “Pl.” and 
“Text-fig.”” (but keep “‘Table’’) in parenthetical ex- 
pressions. Such terms should have initial caps when 
referring to illustrations in your own manuscript but 
should be lower case throughout when referring to il- 
lustrations in other literature. 


150 BULLETIN 347 


Spell out “new genus’’, “new species” in headings 
in text and “Explanations of Plates”, but abbreviate 
to “‘n. sp.’’, “‘n. gen.”’ in running text, tables, and text- 
figures. 

Use “‘et al.” in text-citation of papers with three or 
more authors. 

Spell out generic names at the beginning ofa sentence 
and when used with “‘sp.”’ Generic and subgeneric 
names may be abbreviated after being given in full 
within a paragraph and if there is no chance of con- 
fusion with other generic names. 

Use all authors’ names for taxa (e.g., Yus yus Jones 
and Smith; Xus yus Jones in Smith; Yus yus Jones, 
Smith and Wallace). In text discussion, use full author 
name and date for a taxon only when there is danger 
of ambiguity or lack of clarity. Include taxonomic ref- 
erences in the References Cited when such references 
are unlikely to be familiar or widely known. The Editor 
reserves the right to delete or request that the author(s) 
add such information. 

Capitalize formally proposed and accepted time and 
time-rock designations (e.g., Middle Eocene, Late 
Miocene); do not capitalize informal designations (e.g., 
middle Pliocene, late Mesozoic, early Maastrichtian). 

Add diacritical marks, as appropriate, to non-En- 
glish words. 

Italicize commonly used non-English words and ab- 
breviations, such as incertae sedis, e.g., i.e., NON, Pro, 
sensu, aff., cf., and et al. Do not italicize ‘‘cf.”’ when it 
is used with italicized generic and specifc names. 

Cite informal references with author, type of com- 
munication, year year (e.g., ““Wilson, written com- 
mun., 1985”, or “Jones, oral commun., 1984’). 

Use past tense for published or other previous work 
in the text; (e.g., “Conrad (1830) noted that. . .”). 

References cited in the text should be cited in chro- 
nological order; references published in the same year 
should be cited alphabetically. 

Spell out whole numbers zero through nine; write 
numbers 10 and above in Arabic numerals. Excep- 
tions: spell out all numbers beginning a sentence, and 
treat alike all similar numbers in connected groups or 
in the same sentence; do not use numerals for some 
and spell out others. Use Arabic numerals for all mea- 
surements. 

Use personal pronouns if you wish, but make certain 
their number is correct. Don’t use “we” to describe 
the single author of a manuscript. 

Use hyphens as “‘-”’; en-dashes [separating end mem- 
bers of ranges of dates, measurements, pages, etc.] as 
**_ -”*: em-dashes [significant pauses in sentences; blank 
spaces in tables, indicating ‘no observation” and fol- 
lowing the period in side headings (e.g., ““Table 1.- -- 
>) as “=~”, 


SYSTEMATIC PALEONTOLOGY 


All manuscripts must include a section called ‘‘In- 
troduction to Systematic Paleontology”, which, in turn, 
should include, but is not limited to: 

“Philosophical Considerations” (What is a fossil 
species of the group you are describing? How does this 
differ from an equivalent-level taxonomic entity of a 
related living organism, whatever that may be? What 
is your personal taxonomic philosophy?) In contri- 
butions including significant consideration of phylo- 
genetic reconstruction, appropriate attention must be 
given to details of method (e.g., approach taken, as- 
sumptions made, computer program or algorithm used, 
character codings and their justification). 

“Format” (style and scope of synonymy used; a guide 
to the ensuing discussion, including terms such as non, 
pro, sensu, aff., cf., or other qualifiers, localities, for- 
mations, etc.) 

“Terminology, Measurement, and Abbreviation” 
used. 

*“Acronyms and Locations of Specimen Reposito- 
ries”’. 

A full summary of systematics up to at least the class 
level must be given at least once, including authors 
and dates for all taxa. Taxa left in ““open nomencla- 
ture” should be in the format discussed by Bengston, 
P., 1988, Palaeontology, vol. 31, p. 223-227. 

Headings in “‘Systematic Paleontology”’ section 
should be as follows (note capitalization and bolding): 


Phylum BRACHIOPODA Dumeril, 1806 


Order ORTHIDA 
Schuchert and Cooper, 1932 


Family DALMANELLIDAE 
Schuchert, 1913 


Genus LEVENEA 
Schuchert and Cooper, 1931 


Type species.- --Orthis subcarinata Hall, 1857, 
p. 43. 


Levenea subcarinata (Hall, 1857) 


Synonymies should be in “short form’’; .e., com- 
plete with respect to citations listed, but not including 
the article, book, or periodical titles in each citation, 
only author, date, page, plate, and figure. All references 
so cited must be included in the REFERENCES CIT- 
ED. The following format should be used: 


Pentagonia unisulcata (Conrad, 1841) 
Plate 6, figures 7--13 
Atrypa unisulcata Conrad, 1841, p. 56. 


INSTRUCTIONS FOR AUTHORS 


Atrypa uniangulata Hall, 1861, p. 101. 

Meristella? unisulcata (Conrad). Hall, 1862, p.158, 
pl. 2, figs. 17, 20--23 (not figs. 19, 24, 25). 

Non Meristella unisulcata (Conrad). Nettleroth, 
1889, p. 99, pl. 15, figs. 9--16. 

Pentagonia unisulcata (Conrad). Stauffer, 1915, p. 
104, 245 (not pp. 160, 171, 175, 234); Goldring, 
1935, p. 148, figs. 53B--D. 


Section headings within systematic descriptions 
should be consistent for all lower taxa discussed. All 
such headings should be flush left, indented, italicized, 
upper- and lower-case, and followed by a period and 
em-dash. For example: 


Description.- - - 

Diagnosis.- - - 

Types.- - - 

Other material examined.-- - 
Occurrence.- - - 

Discussion.- - - 


When citing types, spell out the kind of type, and 
use repository acronym and catalogue number. Give 
repository and catalogue number for figured, mea- 
sured, and mentioned specimens (such specimens are 
hypotypes, even if they are not figured, and must be 
susceptible to relocation by future investigators). Spec- 
ify the repository prefix acronym for all sample and 
locality numbers. 


REFERENCES CITED 


Spell out bibliographic details in their entirety, in- 
cluding periodical titles. Entries not in Roman alpha- 
bet may be presented in their original type or char- 
acters, but must also include at least a Roman alphabet 
translitteration, and preferably an English translation 
of at least the title. 

Follow these formats for citations in the REFER- 
ENCES CITED: 


Article in journal: 


Adegoke, O. S. 


1967. Wyattella, a new turritellid genus from 
the Eocene of Colombia, South Amer- 
ica. Journal of Paleontology, vol. 41, pp. 
1095--1100. 


An author’s name is not repeated in successive Ci- 
tations: 
Gardner, J. A. 


1931. Relation of certain foreign faunas to 


Midway fauna of Texas. American As- 
sociation of Petroleum Geologists Bul- 
letin, vol. 15, pp. 149--160. 


1935. The Midway group of Texas. University 
of Texas Bulletin 3301, 403 pp., 28 pl. 


Article in edited volume: 
Bretsky, S. S. 


1979. Recognition of ancestor-descendant re- 
lationships in invertebrate paleontolo- 
gy. in Phylogenetic analysis and pale- 
ontology. J. Cracraft and N. Eldredge, 
eds., Columbia University Press, New 
York, pp. 113--164. 


Article in press: 
Emslie, S. D. 


1994. An early Irvingtonian avifauna from 
Leisey Shell Pit, Florida. Bulletin of the 
Florida Museum of Natural History (in 
press). 


Book, single author: 
Beerbower, J. 


1968. Search for the past. An introduction to 
paleontology. 2nd edition. Prentice- 
Hall, Englewood Cliffs, NJ, 512 pp. 


Book, multiple authors: 
Fretter, V., and Graham, A. 


1962. British prosobranch molluscs. Ray So- 
ciety, London, 755 pp. 


Dissertation or thesis: 
Allison, R. C. 


1967. The Cenozoic stratigraphy of Chiapas, 
Mexico, with discussion of the classifi- 
cation of the Turritellidae and selected 
Mexican representatives. unpublished 
PhD thesis, University of California, 
Berkeley, 450 pp. 


Paper presented at meeting: 


Allmon, W. D. 


1987. Multiple modes of homeomorphy in 
Cenozoic turritellid gastropods and their 
evolutionary implications. Geological 
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Society of America, Abstracts with Pro- 
grams, vol. 19, no. 7, p. 570. 


Treatise on Invertebrate Paleontology 
Cox, L. 


1960. General characteristics of Gastropoda. 
in Treatise on invertebrate paleontolo- 
gy. R. C. Moore, ed., Part I, Mollusca 
1, by J. B.-Knight et al., Geological So- 
ciety of America and University of Kan- 


sas Press, pp. 184--1169. 


Field guides: 
Beauchamp, R. G. 


1984. Stratigraphy and depositional environ- 
ments of the Brightseat and Aquia For- 
mations, Maryland and Virginia. in 
Cretaceous and Tertiary stratigraphy, 
paleontology and structure, southwest- 
ern Maryland and northeastern Virgin- 
ia. American Association of Strati- 
graphic Palynologists Field Trip Guide- 
book. N. O. Fredericksen and K. Kraft, 
eds., pp. 78--111. 


INDEX 


Each issue of both Bulletins of American Paleontol- 
ogy and Palaeontographica Americana includes an in- 
dex. Construction of the index is the responsibility of 
the author(s) and is requested at page proof stage. 


ILLUSTRATIONS AND TABLES 


High-quality illustrations have been a hallmark of 
both Bulletins of American Paleontology and Palaeon- 
tographica Americana since their inception and are 
expected of all manuscripts. 


TEXT FIGURES 


Prepare text-figures for reproduction as single col- 
umn (82 mm; 34 inches) or two column (178 mm; 7 
inches) width. All text-figures should be prepared so 
as to be read with the journal in normal reading po- 
sition (/.e., if illustrations must be more than 7” wide, 
consider putting them on two facing pages; if 14” is 
not wide enough, consider recasting the illustration as 
a foldout. 

All text-figures should be submitted one to a page 
as either glossy prints or high-quality photocopies, at 
publication size. 


Prepare text-figure captions one to a page. 

A foldout may be particularly helpful for stratigraph- 
ic range data, e.g., taxa arising in stratigraphic order if 
there is a clear trend, or, if such a trend is not present, 
alphabetically by genus, and within that by species. In 
this way, individual taxa can be much more easily 
located, and their ““bedmates”’ more comfortably com- 
prehended. Such charts can be published as foldouts. 
Foldouts must be drafted to be no more than 9” high, 
but they may be up to 25” wide. These are inserted 
inside the front or back covers, and nothing is printed 
on the first fold, so that the foldout can be viewed 
while reading the monograph, without having to flip 
back and forth. 


PLATES 


Photographic plates should be prepared with great 
care, with special attention given to contrast within 
individual images as well as composition of the plate 
as a whole. Plates may be prepared on either black or 
white backgrounds. Each image on a plate should be 
designated by an Arabic numeral. Empty space among 
images should be minimized. Maximum dimensions 
of plates are 178 mm x 229 mm (7 inches x 9 inches). 
Original plate photomounts should have oversize card- 
board backing and strong tracing paper overlays. 

Prepare an “Explanation” of each plate on a separate 
sheet including a taxonomic designation, repository, 
specimen number, locality, and magnification for each 
specimen illustrated. 

The initial manuscript submission should include at 
least one set of glossy prints. The review copies may 
include high-quality photocopies. Original plate pho- 
tomounts should be retained by the author until the 
manuscript has been accepted for publication. 


TABLES 


Tables should be prepared one to a page. Table cap- 
tions should be prepared separately, one to a page. 
Avoid vertical lines in Tables. Use abbreviations in 
tables as little as possible, and define, in the INTRO- 
DUCTION TO SYSTEMATIC PALEONTOLOGY 
(see above) any you must use that might be ambiguous. 


AUTHOR CHARGES 


Authors are required to defray a portion of the costs 
of publication. These costs are assessed not as page 
charges, but rather on the basis of illustrations. Cur- 
rently, the following cost schedule is in effect: 


Photographic plates, 7” * 9% 22... sco. $120.00 
TeXt=fSULres: yc. siecuei gio Hecheer ciety aor $35.00 
Foldoutsw(each)) 4. facet ce oe $100.00 
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Authors should expect to pay $2.00 per line for 
alterations to copy at or after page proof stage. 
Authors must be PRI members at time of publi- 
cation. Annual membership is $25. 


SUBMISSION PROCEDURE 


Submit three paper copies of the manuscript, in- 
cluding figures, plates and tables. After the review pro- 
cess is completed, authors are encouraged to submit 
revised manuscripts on disk. 

Turnaround time from acceptance to publication runs 


from as little as nine months to as much as two years, 
depending on the size and original condition of the 
manuscript, as well as the number of manuscripts cur- 
rently in the publication queue. 

Authors receive 10 free reprints of their paper. Ad- 
ditional copies can be purchased at 40% off the list 
price. 

Address submissions and questions regarding pub- 
lication to: Editor, Paleontological Research Institu- 
tion, 1259 Trumansburg Road, Ithaca, NY 14850, 
Telephone: (607) 273-6623, FAX: (607) 273-6620, 
email (inquiries only): wdal @cornell.edu. 
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PREPARATION OF MANUSCRIPTS 


Bulletins of American Paleontology usually comprises two or more sep- 
arate papers in two volumes each year. The series is a publication outlet for 
significant, longer paleontological monographs (/.e., more than approximately 50 
printed pages), for which high quality photographic illustrations and the large 
quarto format are required. 


Submissions are welcome from any author, regardless of institutional or 
organizational affiliation. Authors must, however, be members of the Paleonto- 
logical Research Institution at time of publication; annual membership is currently 
US$25.00. Publication costs of the Bulletins are heavily subsidized by the Insti- 
tution, but authors are currently required to pay illustration charges at a rate of 
$120.00 per plate and $35.00 per text-figure. 


Important references for style and format are 1) Bulletins of American Pa- 
leontology “Instructions for Authors” (volume 108, number 347, pages 149-153): 
2) Chicago Manual of Style (fourteenth edition) 1993. Recent issues of the Bulletins 
provide useful guides but note changes with the “Instructions for Authors” men- 
tioned above. 


Manuscripts must be typewritten, and double-spaced throughout (including 
direct quotations, tables and references). All manuscripts should contain a table 
of contents, lists of text-figures and/or tables, and a short, informative abstract 
that includes names of all new taxa. Format should follow that of recent numbers 
in the series. All measurements must be given in the metric system, alone or in 
addition to their English system equivalents. The maximum dimensions for pho- 
tographic plates are 178 mm x 229 mm (7 inches x 9 inches; outlined on this 
page). Single-page text-figures should be drafted for reproduction as single column 
(82 mm; 3'%4 inches) or full page (178 mm, 7 inches) width, but arrangements can 
be made to publish text-figures that must be larger. 


Authors must provide three (3) printed copies of the text and accompanying 
illustrative material. Authors are strong/y encouraged to prepare their manuscripts 
on word processors, as this considerably expedites publication. On initial sub- 
mission, however, only printed copies of the manuscript should be sent; the disk 
copy should be retained so that revisions can be made after the review process. 
The text and line-drawings may be reproduced xerographically, but glossy prints 
at publication size must be supplied for all half-tone illustrations and photographic 
plates. These prints should be identified clearly on the back. 


Referenced publication titles must be spelled out in their entirety. Particular 
care should be given to reference format. Consult the “Instructions for Authors,” 
referred to above, as several changes have been introduced with that issue. Ci- 
tations of illustrations within the text bear initial capitals (e.g., Plate, Text-figure), 
but citations of illustrations in other works appear in lower-case letters (e.g., plate, 
text-figure). 


Format of systematic descriptions should follow that in any recent number 
of the Bulletins. 


Original plate photomounts should have oversize cardboard backing and 
strong tracing paper overlays. These photomounts should be retained by the author 
until the manuscript has been formally accepted for publication. The approximate 
position of each text-figure in the text should be indicated. Explanations of plates 
and text-figures should follow the References Cited. 
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PLIENSBACHIAN (LOWER JURASSIC) AMMONITES OF THE 
QUEEN CHARLOTTE ISLANDS, BRITISH COLUMBIA 


PAUL L. SMITH AND HOWARD W. TIPPER 


Department of Geological Sciences, University of British Columbia, 
6339 Stores Road, Vancouver, British Columbia, V6T 1Z4 CANADA 
Sedimentary and Cordilleran Geoscience Branch, 
Geological Survey of Canada, 100 West Pender Street 
Vancouver, British Columbia, V6B 1R8 CANADA 


ABSTRACT 


The lower Maude and upper Kunga groups in the central Queen Charlotte Islands provide the most complete and fossiliferous 
Pliensbachian sequences in North America. Outcrops on Maude Island and at Whiteaves Bay serve as either type or reference 
sections for the Imlayi, Whiteavesi, Freboldi, Kunae and Carlottense zones of the standard North American zonation. 

The Sandilands Formation of the Kunga Group is mostly pre-Pliensbachian in age but exposures on Kunga Island are as young 
as Whiteavesi Zone. The Sandilands Formation and the succeeding Ghost Creek Formation of the Maude Group were deposited 
in fairly deep, euxinic waters subjected to diminishing pyroclastic and volcaniclastic input, the latter by turbidity currents. 
Shallowing culminated in the deposition of the coarser sediments of the Fannin Formation which were laid down in higher 
energy, well oxygenated waters. Most of the Ghost Creek Formation is assignable to the Imlayi Zone with its upper 10 m or so 
as young as the Whiteavesi Zone; at one level in the Whiteavesi Bay section, it is as young as the Freboldi Zone. The Fannin 
Formation ranges in age from the Whiteavesi to the Carlottense zones and locally into the Toarcian. 

This report is the first comprehensive, stratigraphically controlled study of the Pliensbachian ammonoids of the Queen Charlotte 
Islands. Seven hundred and fourteen localities have yielded at least 1600 specimens assignable to approximately 85 species 
representing 32 genera or sub-genera and 11 families of ammonoids. Charlotticeras is established as a new subgenus of Fanni- 
noceras and Pacificeras (Repin, 1970) is recognized as a subgenus of Lioceratoides. The following new species are established (in 
alphabetical order): Acanthopleuroceras thomsoni, Fanninoceras (Charlotticeras) carteri, F. (C.) maudense, Lioceratoides (Lio- 
ceratoides) involutum, Oistoceras compressum, Oregonites? dawsoni, Protogrammoceras (Protogrammoceras) skidegatense, and 


Reynesocoeloceras grahami. 


INTRODUCTION 


The Queen Charlotte Islands, known to the native 
people as Haida Gwaii, form a 280 km long archipelago 
off the central coast of British Columbia, Canada (Text- 
fig. 1). The Islands are part of the Wrangell tectono- 
stratigraphic terrane which constitutes the greater part 
of the Insular Belt, the region west of the Coast Plutonic 
Complex. 

Richardson (1873) published the first geological ac- 
count of the Queen Charlotte Islands but it was not 
until the work of Sutherland Brown (1968) that a de- 
tailed geological map was produced. A comprehensive 
study of the Jurassic stratigraphy published by Cam- 
eron and Tipper (1985) was followed in 1987 by a 
three-year multidisciplinary project under the auspices 
of the Geological Survey of Canada’s Frontier Geo- 
science Program addressing the hydrocarbon potential 
of the Queen Charlotte basin (Woodsworth, 1991). An 
important focus of this multidisciplinary study, of 
which this report is a component, was the Lower Ju- 
rassic part of the stratigraphic column whose thermally 
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mature, organic-rich shales form potential hydrocar- 
bon source rocks (Vellutini and Bustin, 1991a, 1991b). 

The only existing paleontological reports on the 
Queen Charlotte Islands containing illustrations of 
Pliensbachian ammonites are those of Whiteaves 
(1884), McLearn (1932), Frebold (1970), and Smith er 
al. (1988). Whiteaves and McLearn did not recognize 
the Pliensbachian age of their fossils; Frebold’s report 
lacked stratigraphic information and, as with Smith et 
al.’s regional study, it was less than comprehensive 
with respect to the Queen Charlotte Islands. The need 
to rectify this lack of detailed biostratigraphic and sys- 
tematic information concerning the Pliensbachian am- 
monites of the Queen Charlotte Islands can be justified 
on four grounds: 

(i) There is no other place in North America that 
offers such relatively continuous stratigraphic sequenc- 
es yielding well preserved and often abundant am- 
monites. The Queen Charlotte Islands will serve as the 
type area for much of the North American Lower Ju- 
rassic ammonite zonation (Smith ef a/., 1988, 1994; 
Jakobs et al., 1994a, 1994b; Palfy et al., 1994) and will 
therefore be central to precise correlations between 
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Text-figure 1.—The Queen Charlotte Islands, British Columbia, 


and the location of measured sections A through C. 


the allochthonous terranes, as well as between the ter- 
ranes and the craton. 

(ii) The Queen Charlotte Islands will also be the 
center of a web of circum-Pacific and ultimately global 
correlations because of their unique biogeographic set- 
ting where Tethyan, east Pacific and scattered Boreal 
forms may be found in the same beds. Pliensbachian 
ammonite biogeography has already been used to con- 
strain the Early Jurassic position of Wrangellia and 
details of ammonite paleontology are essential in as- 
sessing the relative importance of the Hispanic Cor- 
ridor as a biogeographic link between the western Te- 
thys and Pacific oceans during the Early Jurassic (Smith 
and Tipper, 1986; Smith, 1988; Smith and Wester- 
mann, 1990). 

(iii) Lower Jurassic sequences in the Queen Charlotte 
Islands are yielding microfossils as well as ammonites 
(Carter et al., 1988: Bown, 1991; Tipper et a/., 1991; 
Smith et al., 1994). This offers opportunities (a) to 
calibrate macrofossil and microfossil zonations pro- 


viding more accurate and precise correlations over a 
broader range of geological and sampling conditions, 
and (b) indirectly to correlate microfossil sequences 
with the northwest European standard zonation. 

(iv) Because of the hydrocarbon potential of the 
Queen Charlotte Islands, accurate correlation of the 
lithostratigraphic units is important as an aid to un- 
derstanding the geological and sedimentological his- 
tory of the region. The fossil illustrations will also be 
of use to those engaged in producing more detailed 
geological maps. 
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LITHOSTRATIGRAPHY 


The Pliensbachian rocks of the heavily forested 
Queen Charlotte Islands crop out from Kunga Island 
in the southeast, across Louise and Moresby Islands 
to southern Graham Island in the northwest, a distance 
of approximately 90 km (Text-figs. 2 and 3). Shorelines 
and streams offer the best exposures but on southern 
Graham Island logging road cuts and road-metal quar- 
ries have increased rock exposure and improved ac- 
cessibility. 

Pliensbachian ammonites have been collected from 
the Kunga and Maude groups (Text-fig. 4) which to- 
gether range in age from the Carnian to the Aalenian. 
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Text-figure 2.—The central Queen Charlotte Islands showing the location of measured sections A through E. See Text-figure 1. 


As a result of early Middle Jurassic contractional de- 
formation, the Maude Group is missing in some areas 
and the Bajocian Yakoun Group rests with marked 
angular unconformity on Sinemurian parts of the Kun- 
ga Group (Lewis and Ross, 1991; Thompson et al., 
1991). The formations of interest are the Sandilands, 
Ghost Creek, and Fannin formations as defined by 
Cameron and Tipper (1985) to which the reader should 


refer to supplement the brief descriptions of lithology 
and depositional setting given below. 

The Sandilands Formation consists of several hun- 
dred meters of thinly bedded dark grey to black silt- 
stone interbedded with graded, lithic sandstones and 
grey to white tuffs; volcanic breccia is present locally 
but bioturbation is conspicuous by its absence. Most 
of the unit is Sinemurian in age (Palfy et a/., 1990; 
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Text-figure 4.—The lithostratigraphic units of the Maude and up- 
per Kunga groups. 


Palfy et al., 1994) but the boundary between the 
Sandilands and Ghost Creek formations is diachron- 
ous, such that outcrops of the Sandilands in the south- 
ern part of the islands are as young as Early Pliens- 
bachian (Palfy et a/l., 1990; Smith et al., 1990; Tipper 
et al., 1991). The tuff and graded lithic sandstone beds 
are also thicker to the south, suggesting that the San- 
dilands Formation was deposited in a quiet, fairly deep- 
water, possibly euxinic setting that was periodically 
subject to deposition of air-fall tuffand turbidites whose 
source was to the south or southwest. 

The Ghost Creek Formation is a recessive unit reach- 
ing a thickness in excess of 60 m. It contrasts markedly 
with the underlying Sandilands Formation in having 
more shale and only rare ash or tuffaceous beds. The 
shales are dark and pyritic. Occasional sandstones and 
nodular limestones are present and the top of the for- 
mation becomes locally glauconitic in the north. Oil 
stains and bitumen are pervasive. Benthic fossils and 
bioturbation are not common but are more frequent 
in the upper part of the unit generally and throughout 
the unit in more southerly exposures. 

The Ghost Creek Formation was deposited in fairly 
deep water that shallowed and perhaps became less 
euxinic both to the south and upsection. The setting 
appears to be similar to that of the Sandilands For- 
mation except that volcanic activity had waned leading 
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utilized in this study and approximate correlation with the primary 
standard zonation of northwestern Europe. 


to only minor pyroclastic and coarse volcaniclastic in- 
put. 

The Fannin Formation 1s a coarsening upward se- 
quence that rests conformably on the Ghost Creek For- 
mation. The transitional beds were initially named the 
Rennell Junction Formation by Cameron and Tipper 
(1985) but as the unit proved to be unmappable, it was 
included within a redefined Fannin Formation by Tip- 
per et a/. (1991) and is here referred to as the Rennell 
Junction Member. 

The Rennell Junction Member typically ranges in 
thickness from 15 to 40 m but may locally reach a 
thickness of up to 75 m. It consists of fine grained 
sandstone, siltstone, and shale with irregular limestone 
beds and nodules. The upper part of the Fannin For- 
mation consists of coarser, more resistant, and thicker 
bedded sandstones compared with the Rennell Junc- 
tion Member. This interval is fairly heterogeneous, 
however, and concretionary limestones, tuffs, breccias, 
and conglomerate lenses are locally developed. Cham- 
osite ooliths can be abundant in the uppermost part 
of the unit where trace fossils, sparsely present through- 
out, become slightly more common. 


REGIONAL SETTING AND 
CORRELATIONS 


Zones indicated on measured sections are the North 
American Pliensbachian ammonite zones described by 


— 


Text-figure 3.—South-central Graham Island with the location of measured sections F and G; borehole H; and isolated localities 101 through 


117. See Text-figure 1. 
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Smith et a/. (1988). These zones and their approximate 
European correlatives are illustrated in Text-figure 5. 

Details of lithology and lithostratigraphy for mea- 
sured sections A through G and well core H are illus- 
trated in Text-figures 6 through 14 which also show 
the zones present and the stratigraphic position of each 
fossil locality. Regional correlations are summarized 
in Text-figure 15. 

As previously mentioned, limited exposures on 
Kunga Island demonstrate that a small portion of the 
Sandilands Formation is Pliensbachian in age. The unit 
is therefore at least partly coeval with the Ghost Creek 
and Fannin Formations. The bulk of the Ghost Creek 
Formation is Imlayi Zone in age but at most localities 
the upper part is as young as Whiteavesi Zone. 

The transition from the Ghost Creek to the Fannin 
Formation occurs within the Whiteavesi Zone at most 
localities where control is good; the exception is in 
Whiteaves Bay (section D) where it occurs in the lowest 
Freboldi Zone. The transition from the Rennell Junc- 
tion Member to the coarser sandstones of the upper 
Fannin Formation occurs near the boundary between 
the Freboldi and Kunae zones, usually within the Fre- 
boldi Zone. Although there is variation in the thickness 
of individual zones, there are no persistent lateral trends 


that might point to the relative proximity of sediment 
sources. Taken together, these observations argue for 
fairly uniform conditions across the sampled area dur- 
ing the deposition of the Ghost Creek and Fannin for- 
mations; perhaps the sections are arranged along de- 
positional strike. 

The lithologic, stratigraphic, trace fossil, and micro- 
paleontological evidence suggests that the Pliensba- 
chian part of the stratigraphic sequence represents a 
regressive event (Cameron and Tipper, 1985). The 
lower Ghost Creek and Sandilands formations accu- 
mulated in a stable back-arc setting in fairly deep, pre- 
dominantly euxinic waters. Evidence for shallowing 
begins in the upper Ghost Creek Formation and cul- 
minates in the uppermost Fannin Formation where 
sediments were laid down in higher energy, well oxy- 
genated waters. As has been noticed elsewhere in the 
world and, incidentally, in rocks of similar age, cham- 
osite ironstones and sediments rich in chamosite 00- 
liths characteristically occur near the top of regressive 
sequences. They formed in shallow seas near low lying, 
well vegetated land in a warm humid climate (Hallam 
and Bradshaw, 1979). 

In summary: (i) the top of the Sandilands Formation 
is locally as young as the Whiteavesi Zone; (11) the bulk 
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of the Ghost Creek Formation is assignable to the Im- 
layi Zone, its upper 10 m or so assignable to the Whit- 
eavesi Zone and at one level in the Whiteaves Bay 
section it is as young as the Freboldi Zone; (iii) the 
Rennell Junction Member of the Fannin Formation 
predominantly ranges in age from the Whiteavesi to 
the Freboldi Zone; (iv) the sandstones of the upper 
Fannin Formation range in age from the Freboldi to 
the Carlottense Zone. 


BIOSTRATIGRAPHY 


Our approach to zonations and the naming of zones 
is as follows (Callomon, 1984; Smith et al., 1988; 
Thomson and Smith, 1992; Jakobs et a/., 1994): 

(i) No zonation can be worldwide in extent and some 
zonations may be restricted to a particular facies. For 
regionally extensive, biogeographically distinct areas, 
however, a standard zonation may be erected for a 
given group of organisms. 

(11) Standard zones are recognized on the basis of co- 
occurrences of species that are distinct from superja- 
cent and subjacent assemblages. These stratigraphi- 
cally distinct co-occurrences maintain their superpo- 
sitional relationships throughout the geographic area 
in question. 
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Text-figure 8.—Lithostratigraphy and fossil localities of section B, 
northern Louise Island. See Test-figure 6 for legend and Text-figure 
17 for the fauna present. Base of section is faulted. 


(11) Standard zones are characterized by type sec- 
tions, where the superpositional relationships are most 
clearly demonstrated and where zonal boundaries may 
be drawn. The base of a zone automatically defines the 
top of the subjacent zone. 

(iv) By convention, standard ammonite zones are 
named using the non-italicized, capitalized trivial name 
of a species that is characteristic of that zone although 
not necessarily restricted to it. It is, of course, not 
necessary to collect the zonal ammonite to demon- 
strate the presence of the zone. The typography of stan- 
dard zones distinguishes them from the full, italicized 
names of less formal zones, e.g., provisional assem- 
blages, zones used for local correlation, single taxa 
ranges. 

(v) One standard zonation is selected as the primary 
standard to which all secondary standards are corre- 
lated with as much precision as possible. In the case 
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Text-figure 9.—Lithostratigraphy and fossil localities of section C, 
north shore of Cumshewa Inlet. See Text-figure 6 for legend and 
Text-figure 18 for the fauna present. Base of section is faulted. 


of the Lower Jurassic ammonites discussed in this re- 
port, the Northwest European zonation (Dean et al., 
1961) is the primary standard and the North American 
zonation (Smith ef a/., 1988) is the secondary standard 
(Text-fig. 5). 

The collections on which this report is based were 
made by the authors and numerous other geologists 
over the course of many years. The collecting began at 
the end of the last century and in some cases the same 
locality has been visited several times by different ge- 
ologists. To bring some order to this situation we have, 
where possible, assigned the localities to a standardized 
labelling system where the letter prefix indicates, from 
south to north, the measured stratigraphic section and 
the number indicates, in ascending order, the strati- 
graphic position of the locality as illustrated in Text- 
figures 6 to 14. Where specimens were not in place or 
where there was uncertainty as to stratigraphic position 
in the case of old collections, the section letter prefix 
is followed by the letter ‘T’ denoting talus. We have 
shown in Text-figures 6 to 13 the approximate strati- 
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Text-figure 10.—Lithostratigraphy and fossil localities of section 
D, Whiteaves Bay. See Text-figure 6 for legend and Text-figure 19 
for the fauna present. 


graphic interval from which these collections origi- 
nated. A complete listing of the standardized locality 
numbers and the original locality numbers is given in 
the Appendix together with the precise geographic po- 
sition of the measured stratigraphic sections (A through 
G), the drilling site (H), and isolated fossil localities 
(I). Text-figures 16 through 24 indicate the ammonite 
fauna at each locality and the North American am- 
monite zones present. 

The relationship of the Imlayi Zone to underlying 
faunal assemblages is the subject of continuing re- 
search. It appears that the Tetraspidoceras assemblage 
of Palfy ef al. (in press) spans the Sinemurian-Pliens- 
bachian boundary and consequently the base of the 
Imlayi Zone does not correspond to the base of the 
Pliensbachian. The Imlayi Zone is the thickest of the 
Pliensbachian zones recognized in the Queen Charlotte 
Islands but its fauna is amongst the least diverse. Pseu- 
doskirroceras and Miltoceras are restricted to the zone 
whereas species of 7ropidoceras, that are more char- 
acteristic of the upper part of the zone, range upwards 
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SECTION E : MAUDE ISLAND 


Text-figure 11.—Lithostratigraphy and fossil localities of section 
E, Fannin Bay, southeast Maude Island. See Text-figure 6 for legend 
and Text-figure 20 for the fauna present. 


into the overlying Whiteavesi Zone. The long-ranging 
genus Metaderoceras is represented by the distinctive 
M. evolutum with its long spines and often looped, 
striate ribs. 

The Whiteavesi Zone fauna is considerably more 
diverse and characterized by a profusion of acantho- 
pleuroceratids, the first appearance of Dubariceras (D. 
silviesi) and the occurrence of coarse ribbed, robust 
forms of Metaderoceras. In the Freboldi Zone, above 
the range of the acanthopleuroceratids, diversity drops 


again to levels comparable with the Imlayi Zone but, 
in marked contrast to the Imlayi Zone, the Freboldi 
Zone is amongst the thinnest Pliensbachian zones rec- 
ognized in the Queen Charlotte Islands. Dubariceras 
freboldi occurs throughout the zone and in the upper 
part of its range it frequently occurs with species of 
Reynesoceras, most of which range up into the Kunae 
Zone. 

The similarly thin Kunae Zone is remarkable for its 
quantum jump in diversity to the highest level seen in 
the Pliensbachian. Some of the increase is accom- 
plished by the appearance of a diverse suite of Fan- 
ninoceras species but most is caused by the appearance 
and rapid diversification of the hildoceratids and a 
proliferation of dactylioceratids ranging up from the 
Freboldi Zone. 

The upper part of the Fannin Formation yields three 
faunal associations that represent the Pliensbachian- 
Toarcian transition. Species of Lioceratoides and Pro- 
togrammoceras are present throughout. The lowest as- 
sociation (Carlottense Zone, Sections B and E) is con- 
sidered Pliensbachian based on the presence of species 
of Amaltheus, Arieticeras and Fanninoceras; the anom- 
alous presence of the typically Toarcian Tiltoniceras 
marks the earliest known occurrence of this genus. This 
association is not thought to be the result of condens- 
ing, in spite of its stratigraphic position at the top of 
a coarsening upwards sequence, because it occurs at 
different levels over a significant stratigraphic interval, 
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Text-figure 13.—Lithostratigraphy and fossil localities of section 
G, Rennell Junction. See Text-figure 6 for legend and Text-figure 22 
for the fauna present. 


both here and elsewhere in North America (Thomson 
and Smith, 1992). 

A middle association consisting only of species of 
Lioceratoides and Protogrammoceras is of uncertain 
position but is included within the Carlottense Zone 
of the Pliensbachian because of the absence of Dac- 
tylioceras (localities D24, D25 and 103). The highest 
association (localities D26 and D27) includes species 
of Lioceratoides, Protogrammoceras and Tiltoniceras; 
it is unequivocally Toarcian since it also includes Dac- 
tylioceras and, slightly higher, in the uppermost Fannin 
Formation, a representative of Taffertia (Jakobs et al., 
1994b). 
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SECTION H: WELL CORE 


Text-figure 14.—Lithostratigraphy and fossil localities of Well Core 
H. See Text-figure 6 for legend and Text-figure 23 for the fauna 
present. 


SYSTEMATIC PALEONTOLOGY 
INTRODUCTION 


Taxonomic groups are held to have a common an- 
cestry (Donovan, 1994). Ammonoids are notorious for 
heterochronous homeomorphy and therefore it is im- 
portant that before a specimen is identified, its age is 
constrained as closely and confidently as possible by 
co-occuring and stratigraphically subjacent and super- 
jacent assemblages. For Jurassic ammonoids, septal 
sutures are of utility at high taxonomic levels, notably 
in the case of the Queen Charlotte Islands’ fauna for 
distinguishing phylloceratids with their phylloid lobes, 
from the ammonites proper. Families represent dis- 
tinct changes in morphology, usually involving shell 
geometry and features of the venter. Genera are inter- 
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Text-figure 15.—Correlation of Pliensbachian units in the Queen Charlotte Islands. Correlation lines are drawn at the incoming of faunas 


and question marks indicate no, or poor biostratigraphic control. 


preted to represent lineages; they are characterized by 
their shell geometry, whorl shape, ornamentation and 
consistent patterns of ontogenetic change. Subgeneric 
status is accorded to derivative forms showing new or 
incipient features that lead to new taxa. The recogni- 
tion of species usually requires a large enough sample 
to demonstrate discontinuous variation, particularly 
involving whorl shape and ornamentation. When ex- 
treme variations are stratigraphically or geographically 
limited they may be designated as subspecies. We do 
not recommend the use of this taxonomic level even 
though we have occasionally employed subspecies 


erected by others. We suspect that widespread sam- 
pling would demonstrate a morphological spectrum 
that is more continuous in space and time than is pres- 
ently evident. 

Our use of open nomenclature essentially follows 
Bengston (1988). The term “‘aff.”’ denotes a new species 
that we cannot name because of small sample size, 
stratigraphic uncertainties, or other ambiguities. ““Con- 


fer” meaning “to compare” and abbreviated “‘cf-“*, is 


used to denote a provisional identification when poor 
preservation precludes confidence. We use a question 
mark to denote uncertainty, usually at the genus-level. 
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SECTION A: KUNGA ISLAND 


Reynesoceras italicum 
Metaderoceras spp. 
Dubariceras freboldi 
Metaderoceras talkeetnaense 
Metaderoceras? spp. 
Tropidoceras cf. 
Tropidoceras spp. 
Acanthopleuroceras whiteavesi 
Acanthopleuroceras thomsoni 
Tropidoceras actaeon 


‘andrini flandrini 


Metaderoceras evolutum 
Tropidoceras cf. erythraeum 
Acanthopleuroceras cf. whiteavesi 
Tropidoceras cf. masseanum rotunda 
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Text-figure 16.—The ammonite fauna and biostratigraphy of section A. See Text-figure 7 for stratigraphic details and Text-figure 6 for the 


legend. 


Throughout the systematics section under ‘‘Occur- 
rence” there is a summary of the age of a species in 
other parts of the world using the European primary 
standard zonation (Dean et a/., 1961). Occurrences in 
North America other than in the Queen Charlotte Is- 
lands are also listed and referred to the North Amer- 
ican standard zonation (Smith et a/., 1988). The sec- 
tions headed ‘‘Localities” and ‘“‘Age”’ only list locality 
numbers and North American zone assignments for 
the Queen Charlotte Island ammonites described in 
this report. 

It is not always possible to be precise about the num- 
ber of specimens representing a species because earlier 
collections sometimes contain fragments of inner and 
outer whorls that may or may not belong to the same 
specimen. On several occasions we have been able to 
assemble an individual from fragments collected by 
different people at different times. In spite of this im- 
precision, the data give a reasonably accurate impres- 
sion of the relative abundance of species in the Queen 
Charlotte Islands. 


Terminology and Abbreviations 


The morphologic terminology used in the systematic 
descriptions follows that of Smith (1986). All mea- 
surements are in millimeters with approximate figures 
preceded by “‘c” (circa). The abbreviations denoting 
the measurements used are defined as follows: 


D = shell diameter 
UD umbilical diameter at diameter D 
U (UD/D) x 100 


ll 


WH = whorl height at diameter D 
WHD = (WH/D) x 100 
WW = whorl width at diameter D 
WWD = (WW/D) x 100 
WWWH = (WW/WH) x 100 


The following parameters are counted on the half whorl 
terminating at the shell diameter or umbilical diameter 
indicated: 


PRHW = primary ribs per half whorl 
SRHW = secondary ribs per half whorl 
THW = tubercles per half whorl. 


The mean and standard deviation are given for stan- 
dardized measurements (U, WWD, WHD and 
WWwWH) unless there is a marked change during on- 
togeny or the dataset is small. Approximate figures are 
not used in the calculations. 

All fossil material referred to in this report is housed 
in the type collection of the Geological Survey of Can- 
ada in Ottawa, hence each specimen Is assigned a Geo- 
logical Survey of Canada (GSC) type number. 


SYSTEMATICS 
Class CEPHALOPODA Cuvier, 1797 
Order AMMONOIDEA Zittel, 1884 
Suborder PHYLLOCERATINA Arkell, 1950 
Family PHYLLOCERATIDAE Zittel, 1884 
Genus PHYLLOCERAS Suess, 1865 


Type species. —Ammonites heterophyllus J. Sowerby, 
1820, pl. 226 designated by Suess (1865, p. 76). 
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SECTION B: LOUISE ISLAND 
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Polymorphites confusus 
Gemmellaroceras aenigmaticum 
Acanthopleuroceras thomsoni 
Acanthopleuroceras whiteavesi 

Miltoceras aff. sellae 


Metaderoceras spp 
Metaderoceras evolutum 
Pseudoskirroceras imlayi 


ZONE 


Text-figure 17.—The ammonite fauna and biostratigraphy of sec- 
tion B. See Text-figure 8 for stratigraphic details and Text-figure 6 
for the legend. 


I 


W. 


Remarks.—Compressed involute forms with very 
fine ornamentation that is not visible on internal molds. 

Age and distribution. —A long-ranging genus (Sine- 
murian to Valanginian) that is cosmopolitan in its dis- 
tribution but becomes locally abundant in the circum- 
Mediterranean region. 


Phylloceras bonarellii Bettoni, 1900 
Plate 1, figure 1; 
Text-figures 25c, 26b 


SECTION D: WHITEAVES BAY 
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SECTION C: CUMSHEWA INLET 
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Pseudoskirroceras imlayi 
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Text-figure 18.—The ammonite fauna and biostratigraphy of sec- 
tion C. See Text-figure 9 for stratigraphic details and Text-figure 6 
for the legend. 


Phylloceras n. sp. indet. Gemmellaro, 1884, p. 176, pl. 2, figs. 11, 
1s 

Phylloceras zetes d’Orbigny. Fucini, 1900, p. 4, pl. 1, fig. 4. 

Phylloceras bonarellii Bettoni, 1900, p. 41, pl. 3, fig. 9; Fucini, 1901b, 
p. 38, pl. 6, fig. 3; Pia, 1913, p. 364, pl. 13, fig. 4. 

Phylloceras cf. bonarellii Bettoni. Monestier, 1934, p. 13, pl. 9, figs. 
20, 22; pl. 11, fig. 21. 

Zetoceras bonarellii (Bettoni). Wiedenmayer, 1977, p. 22, pl. 6, fig. 2. 


Description.—Involute, compressed form with a 
rounded umbilical shoulder, flat subparallel flanks, and 
a broadly rounded venter. The figured specimen is 
completely septate so that a fairly large size was reached. 


LOCALITIES 


Tiltoniceras antiquum 
Lioceratoides (L.) sp. juv 


Dactylioceras kanense 


Protogrammoceras (P_) skidegatense 


Protogrammoceras (P_) kurrianum 


Protogrammoceras (P.) cf paltum 


Lioceratoides (Pacificeras) propinquum 
Lioceratoides (Pacificeras) angionus 


Lioceratoides (L.) allifordense 


Lioceratoides (L.) maurelli 


Reynesoceras ragazzonit 


Arieticeras lupheri 
Reynesocoeloceras mortilleti 


Arieticeras cf. micrasterias 


Revnesoceras colubriforme 


Protogrammoceras (Matteiceras) cf. diornatum 


Phylloceras sp 
Leptaleoceras sp 


Fontanelliceras sp 


Fanninoceras (Fanninoceras) fannini 


Fanninoceras (Charlotticeras) maudense 


Fieldingiceras pseudofieldingti 
Metaderoceras talkeetnaense 


Dubariceras freboldi 


Phylloceras bonarellti 


Tropidoceras masseanum rotunda 


Tropidoceras flandrini flandrini 
Tropidoceras actaeon 


Metaderoceras evolutum 


Acanthopleuroceras whiteavesi 


Tropidoceras sp. | 


Tropidoceras flandrint obtusa 


F 


Text-figure 19.—The ammonite fauna and biostratigraphy of section D. See Text-figure 10 for stratigraphic details and Text-figure 6 for the 


legend. 
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SECTION F: ROAD 19 QUARRY 


Fucisie eras? sp. 
Leptaleoc eras? sp 


LOCALES 


Revnesocoeloceras? sp. 


Revnesocoeloceras mortilleti 


Revynesoceras sp 


Protogrammoceras (Protogrammoceras) sp 


Protogrammoceras (Afatteiceras) cf. diornatum 


Phylloceras bonarellii 


Genus and species indet. 


Liparoceras (Becheiceras) bechei 
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Fieldingiceras sp e) 

Fieldingiceras pseudofieldingit e) 
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Dubariceras freboldi 


Reynesocoeloceras cf. incertum 


Metaderoceras talkeetnaense 


\fetaderoceras mouterdei 


Revnesocoeloceras grahami 


Phylloceras spp 


Oistoceras ¢ ompressum 


Gemmellaroceras spp 


Dubariceras silviesi 


Tropidoceras actaeon 


ZONES W 


Text-figure 21.—The ammonite fauna and biostratigraphy of section F. See Text-figure 12 for stratigraphic details and Text-figure 6 for the 


legend. 


Type material. —Lectotype: Bettoni, 1900, pl. 3, fig. 
9 designated by Fantini Sestini, 1974, p. 226. 

Material.—Approximately 14 specimens, only one 
of which is well preserved, in siltstone and fine grained 
calcareous sandstone of the Ghost Creek and Fannin 
formations. 

Measurements. —See Table 1. 

Occurrence. —In the Old World this species occurs 
in the Tethyan faunas of southern Europe where it 
ranges from the Jamesoni to the Spinatum Zone (Fan- 
tini Sestini, 1974; Wiedenmayer, 1977; ). 

Localities. —DO8, D20, E27, ET4, FT2, GT3, G02, 
114. 

Age. —Imlayi to Kunae Zone (Pliensbachian). 


Phylloceras sp. 
Plate 1, figures 2, 3; Text-figures 25a-b, 26a 


Partschiceras? Imlay, 1968, p. C26, pl. 1, figs. 14, 15. 
Phylloceras sp. Thomson and Smith, 1992, pl. 3, fig. 5. 


Description.—Very involute forms with a com- 
pressed whorl section. The flanks are gently convex to 
almost flat and diverge weakly towards the venter. The 
venter is broad and gently rounded. The specimens are 


all smooth internal molds. First and second lateral 
saddles triphyllic. 

Material. —Eleven internal molds in fine grained cal- 
careous sandstone of the Rennell Junction Member of 
the Fannin Formation. 

Measurements. —See Table 2 

Discussion. —This form shows some similarities to 
the species Phylloceras frondosum (Reynés) and P. 
waehneri (Gemmellaro). P. frondosum is slightly less 
involute with a narrower venter and P. waehneri has 
more rounded flanks and a narrower venter. 

Occurrence.—P. frondosum ranges throughout the 
Pliensbachian; P. waehneri has only been reported from 
the Lower Pliensbachian (Fantini Sestini, 1974). 

Localities. —D20, ET1, E27, E55, FT2, F02. 

Age. —Whiteavesi and Kunae zones (Pliensbachian). 


Family JURAPHYLLITIDAE Arkell, 1950 
Genus TRAGOPHYLLOCERAS Hyatt, 1900 
Phyllolobites Vadasz, 1907, p. 352. 


Type species. —-Ammonites heterophyllus numismal- 
is Quenstedt, 1845, p. 100, pl. 6, figs. 4a,b; Sa,b, by 
original designation (Hyatt, 1900, p. 568). 
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SECTION G: RENNELL JUNCTION 
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Metaderoceras evolutum 
Reynesocoeloceras spp 


Dubariceras silviesi 
Acanthopleuroceras thomsoni 
Tropidoceras actaeon 
Acanthopleuroceras whiteavesi 


Tropidoceras flandrini flandrini 


Tropidoceras sp. | 
Tropidoceras cf. erythraeum 


Text-figure 22.—The ammonite fauna and biostratigraphy of section G. See Text-figure 13 for stratigraphic details and Text-figure 6 for the 
legend. 


Remarks. —Phylloceratines with compressed whorl 
sections and an open umbilicus. Constrictions are ap- 
parent on internal molds. Ornamentation is flexuous 
and strengthens ventrally. The genus has been dis- 
cussed by Howarth and Donovan (1964), and Meister 
(1986). 

Age and distribution. —The family Juraphyllitidae in 
Europe is predominantly Tethyan in its distribution 
with the exception of Tragophylloceras which is char- 
acteristic of, but not restricted to, northwest Europe. 


SECTION H: WELL CORE 


Metaderoceras talkeetnaense 
Acanthopleuroceras thomsoni 


Tropidoceras actaeon 
Polymorphites confusus 
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The genus ranges from the Jamesoni to the Margari- 
tatus Zone. 


Tragophylloceras new species? 
Plate 1, figure 6 


Tragophylloceras sp. Imlay, 1968, p. C26, pl. 1, figs. 10, 11. 


Description. —Involute form with a compressed whorl 
section. The umbilical wall is very low and steep, the 
umbilical shoulder abrupt, the flanks flat and the venter 


LOCALITIES 


Text-figure 23.—The ammonite fauna and biostratigraphy of well core H. See Text-figure 14 for stratigraphic details and Text-figure 6 for 


the legend. 
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ISOLATED LOCALITIES 


Acanthopleuroceras thomsoni 


Acanthopleuroceras whiteavest 


Arieticeras disputabile 


Arieticeras luphert 


Arieticeras aff. algovianum 


Arieticeras aff. domarense 


Arieticeras cf. micrasterias 


{rieticeras cf. ruthenense 


Cymbites centriglobus 


Cymbites laevigatus 


Dubariceras freboldi 


Dubariceras silviesi 


Fanninoceras (Fanninoceras) carlottense 


Fanninoceras (Charlotticeras) carteri 


Fanninoceras (Fanninoceras) fannini 


Fanninoceras (Fanninoceras) kunae 


Fanninoceras (Charlotticeras) maudense 


Fieldingiceras pseudofieldingii 


Fontanelliceras sp 


Fuciniceras aff. intumescens 


Fuciniceras cf. targionit 


Gleviceras? sp 


Leptaleoceras compressum 


Leptaleoceras aff_accuratum 


Leptaleoceras sp 


Lioceratoides (L.) allifordense 


Lioceratoides (Pacificeras) propinqguum 


Metaderoceras evolutum 


Metaderoceras mouterdet 


Metaderoceras talkeetnaense 


Phricodoceras cf. taylor 


Phylloceras bonarellii 


Protogrammoceras (Matteiceras) cf. 
diornatum 


Protogrammoceras (P.) cf. paltum 


Protogrammoceras (P_) sp 


Pseudoskirroceras imlayi 


Reynesoceras colubriforme 


Reynesoceras italicum 


Reynesoceras ragazzonii 
eae" 


Reynesocoeloceras mortilleti 


Reynesocoeloceras spp 


Tropidoceras actaeon 


Tropidoceras flandrini flandrini 


Tropidoceras flandrini obtusa 


Tropidoceras masseanum rotunda 


Tropidoceras cf. erythraeum 


Tropidoceras aff. rursicosta 


Tropidoceras n. sp. 1 


Tropidoceras sp. | 


ZONE 


LITHOLOGIC UNIT 


Text-figure 24.—The ammonite fauna found at isolated localities on southern Graham Island. 


narrow. Weak, broad primary ribs arise low on the 
flank and trend gently prorsiradiately to the upper 
quarter of the flank where numerous fine secondary 
ribs arise and the ribbing flexes slightly more prorsi- 
radiately onto the venter. The phylloceratine septal 
suture line is partially exposed at the largest shell di- 
ameter where the shell has been removed. 

Material. —One specimen collected from calcareous 
sandstone of the Fannin Formation. 


Measurements. —See Table 3. 

Discussion. —This phylloceratine is placed in Tra- 
gophylloceras because of its narrow whorl section, its 
fairly open umbilicus and its costation. This species is 
also known from a bed of the Kunae Zone in Oregon 
(Imlay, 1968). As Imlay remarked, the species shows 
some similarities to the European forms 7. loscombi 
and 7. undulatum. The differences, however, are such 
that the North American specimens should be tenta- 
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Table 1.—Measurements of Phylloceras bonarellii Bettoni, 1900. 
All measurements are in mm. 


Www- 
specimenno. D UD U WW WWD WH WHD WH 


GSG986937) Si1'6) 56 1957/9 6:7) 32°45 28:4 655) 58:8 


tively regarded as a new species that can only be prop- 
erly described when more material has been collected. 

Occurrence. —In Europe, T. loscombi is the only spe- 
cies of Tragophylloceras to persist into the Upper 
Pliensbachian (Howarth and Donovan, 1964; Meister, 
1989). The two specimens of Tragophylloceras now 
known from North America (from eastern Oregon and 
the Queen Charlotte Islands) are both of probable Late 
Pliensbachian age. 

Locality. —ET4. 

Age.—probably Kunae Zone (Late Pliensbachian) 


Suborder AMMONITINA Hyatt, 1889 
Superfamily PSILOCERATACEAE Hyatt, 1867 
Family CYMBITIDAE Buckman, 1919 
Genus CYMBITES Neumayr, 1878 
Metacymbites Spath, 1923, p. 76. 


Type species. —Ammonites globosus Schubler in Zie- 
ten, 1832, p. 37, pl. 28, fig. 2 by original designation 
(Neumayr, 1878, p. 64). 

Remarks. —Small involute to midvolute forms, with 
depressed or rounded whorl section. Smooth or very 
weakly ornamented. The last whorl commonly egresses 
and the aperture may be constricted and bear a ros- 
trum. Septal suture simple. 

Age and distribution. —The genus has been reported 
from rocks that range in age from the Sinemurian to 
Pliensbachian. Often locally abundant at a given ho- 
rizon, it has been previously reported from Great Bri- 
tain (Donovan, 1957), Germany (Schindewolf, 1961), 
Italy (Fucini, 1899), Portugal (Mouterde, Dom- 
mergues, and Rocha, 1983), Switzerland (Bettoni, 
1900), France (Monestier, 1934), and the United States 
(Imlay, 1968). The genus appears to have been geo- 
graphically more widespread in the Pliensbachian than 
the Sinemurian. 


Table 2.— Measurements of Phylloceras sp. All measurements are 
in mm. 


ww- 
WW WWD WH WHD WH 
9.5 42.4 12.3 54.9 77.2 
c7.8 42.6 10.5 57.4 c74.3 


specimen no. DUD WG 


GS@.98575' 22:4 15 6.7 
GSC 98574 =18.3 1.2 6.6 


Oye 


Text-figure 25.—Whorl shape cross-sections for species of the 
Phylloceratidae and Cymbitidae. Figures are natural size unless oth- 
erwise indicated. a-b. Phylloceras sp. (a. GSC 98574; b. GSC 98575); 
c. Phylloceras bonarellii Bettoni, 1900 (GSC 98693); d. Cymbites 
laevigatus (J. de Sowerby, 1827) (GSC 98580) (x 1.3); e. Cymbites 
centriglobus (Oppel, 1862) (GSC 98577) (x 1.3). 


Cymbites centriglobus (Oppel, 1862) 
Plate 1, figures 7-9, 
Text-figures 25e, 26d 


Ammonites globosus Oppel, 1853, p. 95, pl. 3, fig. 7; Quenstedt, 
1856, p. 172, pl. 21, figs. 8, 9; 1885, p. 336, pl. 42, figs. 29, 30, 
32-36. 

Ammonites centriglobus Oppel, 1862, p. 140. 

Cymbites centriglobus (Oppel). Fucini, 1900, p. 19, pl. 3, figs. 5, 6; 
Schindewolf, 1961, p. 216, pl. 31, figs. 1-18; Schlegelmilch, 1976, 
p. 52, pl. 22, fig. 3; Mouterde, Dommergues, and Rocha, 1983, 
p. 194, pl. 12, figs. 11-13; Meister, 1986, p. 64, pl. 11, fig. 5; 1989, 
p. 34, pl. 3, fig. 9. 

Agassiceras centriglobum (Oppel). Bettoni, 1900, p. 52, pl. 8, fig. 4; 
Monestier, 1934, p. 27, pl. 3, figs. 4-11. 

Metacymbites centriglobus (Oppel). Spath, 1938, p. 95, pl. 10, fig. 8; 
pl. 11, figs. 6-8; Howarth, 1957, p. 196, pl. 17, figs. 3, 4. 

Metacymbites? cf. M. centriglobus (Oppel). Imlay, 1968, p. C27, pl. 
1, figs. 1-6. 


Description. —Small, involute smooth forms with a 
depressed whorl section. At shell diameters of approx- 
imately 8 mm, the last whorl begins to uncoil and 
becomes slightly compressed. The body chamber, which 
occupies about half a whorl at maturity, terminates in 
a constriction and a broad rostrum. 

Type material. —Quenstedt (1862) established this 
species referring to the material figured by Oppel (1853, 
pl. 3, fig. 7) which subsequent workers took as the type 
(Schindewolf, 1961); this specimen is now considered 
lost. Quenstedt (1862) also referred to material figured 
by Quenstedt (1856, pl. 21, fig. 9; refigured in Quen- 
stedt, 1885, pl. 42, fig. 30) when he established the 
species and this specimen was refigured and designated 
as the neotype by Schlegelmilch (1976). 


Table 3.—Measurements of 7ragophylloceras new species? All 
measurements are in mm. 


Www- 
specimenno. D UD U WWWWD WH WHD WH 


GSE98S81 2087, aOR A 2251 10:29 °49:3" *46:1 
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Table 4.—Measurements of Cymbites centriglobus (Oppel, 1862). All measurements are in mm. 


specimen no. DMAX  DPHRAG D UD U ww WWD WH WHD WWWH 
GSC 98577 11.4 c7.5 10.6 3 28.3 4.9 46.2 4.6 43.4 106.5 
GSC 98576 - — 9.8 2.4 24.5 4.8 49 4.6 46.9 104.3 
GSC 98578 10.9 9.0 10.9 2.9 26.6 5.0 45.9 4.5 41.2 111.1 
MEAN 26.4 47 43.8 107.3 
ST. DEV. 1.9 1 2.9 3.5 


Material.—Sixteen internal molds in calcareous 
sandstone of the Fannin Formation. 

Measurements. —See Table 4. 

Discussion. —Cymbites centriglobus can be distin- 
guished from C. /aevigatus, with which it co-occurs, 
by its globose shell with its broad venter and depressed 
whorl section. 

Occurrence.—The species is widely distributed in 
both southern and northwestern Europe where it rang- 
es in age from the Obtusum to the Margaritatus Zone 
with its acme in the Margaritatus Zone. Outside Eu- 
rope, the species has only been reported from the Late 
Pliensbachian Nicely Formation in east-central Ore- 
gon (Imlay, 1968). 

Localities. —ET4, 114. 

Age.—Kunae Zone (Late Pliensbachian). 


Cymbites laevigatus 
(J. de C. Sowerby, 1827) 
Plate 1, figures 4, 5; Text-figure 25d 


Ammonites laevigatus J. de C. Sowerby, 1827, p. 135, pl. 570, fig. 3. 

Cymbites subcostulatus Spath, 1926, p. 170, pl. 11, fig. 3. 

Cymbites laevigatus (J. de C. Sowerby). Donovan, 1957, p. 413, figs. 
1-8; Schindewolf, 1961, p. 208, pl. 29, fig. 17; pl. 30, figs. 1-7; 
Schlegelmilch, 1976, p. 52, pl. 22, fig. 4. 


Description. —Small forms with equant to slightly 
depressed whorls that become compressed as the last 
whorl egresses. The body chamber is probably a little 
over half a whorl although last sutures are not clearly 
preserved. The mature body chamber terminates in a 
narrow, fairly deep constriction followed by a rostrum. 

Type material. —Holotype: Ammonites laevigatus J. 
de C. Sowerby, 1827, p. 135, pl. 570, fig. 3. 

Material.—Three internal molds with some shell 
material, preserved in calcareous sandstone of the Fan- 
nin Formation. 

Measurements. —See Table 5. 

Discussion. — Differs from C. centriglobus by its more 
compressed whorl section, deeper terminal constric- 
tion and a more developed rostrum. 


ei ic 


Text-figure 26.— Traces of the septal suture for species of the Phyl- 
loceratidae, Cymbitidae, Polymorphitidae and Dactylioceratidae at 
whorl heights (WH) indicated. a. Phylloceras sp. (GSC 98575, WH 
= 12.3 mm); b. Phylloceras bonarellii Bettoni, 1900 (GSC 98693, 
WH = 15 mm); c. Acanthopleuroceras whiteavesi Smith and Tipper, 
1988 (Paratype GSC 87791, WH = 15 mm); d. Cymbites centriglobus 
(Oppel, 1862) (GSC 98578, WH = 3 mm); e. Gemmellaroceras 
aenigmaticum (Gemmellaro, 1884) (GSC 98632, WH = 2.3 mm); 
f. Reynesocoeloceras mortilleti (Meneghini, 1875) (GSC 98673, WH 
= 8 mm). 


Occurrence. — C. laevigatus arises in the Turneri Zone 
and is most common in the Upper Sinemurian but it 
ranges as high as the Margaritatus Zone. It is charac- 
teristic of Northwest Europe. The Queen Charlotte Is- 
lands occurrence represents the first report of this spe- 
cies in the circum-Pacific region. 

Localities. —ET4, 114. 

Age. —Kunae Zone (Late Pliensbachian). 


Family OXYNOTICERATIDAE Hyatt, 1875 
Genus FANNINOCERAS McLearn, 1930 
Subgenus FANNINOCERAS McLearn, 1930 


Type species. — Fanninoceras fannini McLearn, 1930, 
p: 4; pl: 1; fig. 3. 


= 


Text-figure 27.—A specimen of Fanninoceras (Fanninoceras) fannini broken open to show the inner whorls. Whorl shape changes from the 
depressed, globose inner whorls to compressed, oxyconic outer whorls. As these changes occur, the umbilical wall becomes progressively more 
undercut and the ribbing commonly disappears. The scale at the bottom of the photograph is in millimeters. 
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Table 5.— Measurements of Cymbites laevigatus (J. de C. Sowerby, 


1827). All measurements are in mm. 


specimen DM- Www- 


no. AX D UD U WW WWDWHWHD WH 


GS€'98579) 13:9" 13:9) 14.55 32:3 4:3) 30:9) 425) 32:4) 195.6 


i 2 
GSC 98580 10.7 10.7 3.5 32.7 4 


18.2 4:2) 38:1 4:33 3951 977 
37.4 4 37.4 100 


GSC 99018 10.5 10.5 2.5 23.8 4 38.1 4.4 41.9 90.9 


MEAN 26.8 36.1 37.7 96 


STDEV: 7 35 4 3:9 


Remarks. — Fanninoceras has been considered a syn- 
onym of Radstockiceras Buckman, 1918, by Donovan 
and Forsey (1973), Donovan et a/. (1981), and Meister 
(1986) but not by those workers who have actively 
studied eastern Pacific Lower Jurassic faunas (Frebold, 
1967; Imlay, 1968, 1981; Hillebrandt, 1981, 1987; 
Smith, 1986; Smith and Tipper, 1986; Thomson and 
Smith, 1992). The reasons for its retention are based 
primarily on morphology but also on stratigraphic 
range. 

Fanninoceras undergoes a marked change in mor- 
phology during its ontogeny (Text-figs. 27 and 28). 
Early whorls are depressed, with a rounded venter and 
commonly ornamented with either coarse or fine rib- 
bing depending on the species. At this stage the um- 
bilical wall is low and grades evenly into the flanks. 
As the ribbing disappears, the whorls become com- 
pressed with a sharp venter, an undercut umbilical 
wall, and an acutely angled umbilical shoulder. Frebold 
(1967) has pointed out that the external suture of Fan- 
ninoceras 1s wider than in Radstockiceras and the lat- 
eral lobe consequently occupies a position nearer the 
middle of the flank. 

Radstockiceras is a Lower Pliensbachian genus that 
ranges as high as the Davoei Zone in northwest Europe. 
The exact age of Fanninoceras has long been uncertain 
but it is now known to be characteristic of the entire 
Upper Pliensbachian with the first occurrence in beds 
that correlate approximately with the upper Davoei 
Zone (Smith ef al., 1988) and its last occurrence (one 
locality) in the lowest Toarcian of Chile (Hillebrandt 
and Schmidt-Effing, 1981, p. 30; Hillebrandt, oral 
commun., 1987). 

We have suggested (Smith and Tipper, 1986) that 
Fanninoceras evolved from Radstockiceras with its or- 
igins in a form similar to R. gemmellaroi (see Wie- 
denmayer, 1977). Hillebrandt (oral commun., 1987), 
however, has sequences in South America that suggest 
an origin within the endemic genus Eoamaltheus. He 
recently figured a specimen (of Eoamaltheus) from the 
Meridianus Zone of Argentina described as interme- 
diate between Eoamaltheus and Fanninoceras (Hille- 
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Text-figure 28.—The ontogeny of whorl shape in Fanninoceras 
(F.) fannini, the type species of Fanninoceras (Fanninoceras), show- 
ing the characteristic change from depressed inner to compressed 
outer whorls (from Smith, 1986). 


brandt, 1990a, fig. 4.4). It is evolute and keeled, a com- 
bination of features reminiscent of the new species 
described herein as Fanninoceras (Charlotticeras) car- 
teri and F. (Charlotticeras) maudense. These two spe- 
cies, however, do not have the tuberculate inner whorls 
typical of Eoamaltheus, they more commonly have 
secondary and bifurcated ribs, and they occur strati- 
graphically higher than species of Eoamaltheus. The 
two species are here placed in Fanninoceras (Charlot- 
ticeras) but it is conceivable that they belong instead 
to a separate genus that had its origins within Eoam- 
altheus in the south Pacific and migrated to North 
America in the Late Pliensbachian. 

In summary, the generic features of Fanninoceras 
are the generally compressed, involute shell with an 
undercut umbilical wall with the shell undergoing sig- 
nificant morphologic changes during ontogeny. The ten 
species currently recognized are characterized by the 
combination of volution and costation as illustrated 
in Text-figure 29. 

Age and distribution. — Fanninoceras is endemic to 
the eastern Pacific occurring from Chile and Argentina 
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Fanninoceras (F.) carlottense 


F. (F.) disciforme 


3. F. (F.) fannini 

4. F. (F.) behrendseni 
5) JF.) (F.)) kunae 
Caen (Fe) latum 

7. F. (F.) crassum 

8. F. (F.) bodegae 


9. F. (Charlotticeras) maudense 


10. F. (C.) carteri 


Weakly ribbed, weakly projected 
mostly smooth 


Ribbed, weakly projected, 
becoming smooth 


Dense fine ribs, projected 
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Text-figure 29.—Typical combinations of volution and ornamentation for species of Fanninoceras at shell diameters greater than 20 mm. 
U 1s the ratio of umbilical diameter to shell diameter as a percentage. Fanninoceras (F.) carlottense includes F. (F.) oxyconum; F. (F.) fannini 


includes F. (F.) dolmagii; F. (F.) kunae includes F. (F.) lowrii. 


in the south to southern Alaska in the north. In North 
America its first appearance is taken to mark the base 
of the Upper Pliensbachian and its range spans the 
Kunae and Carlottense zones (approximately equiva- 
lent to the uppermost Davoei to Spinatum Zone of the 
northwest European succession). The genus has not 
been reported from the Boreal craton faunas of the 
Fernie Group and the Arctic but it is widespread in 
the allochthonous Canadian terranes, the Blue and 
Wallowa Mountains (Oregon), and Sonomia (Nevada) 
(Smith and Tipper, 1986). 

Most species of Fanninoceras, particularly the less 


Table 6.— Measurements of Fanninoceras (Fanninoceras) bodegae 
McLearn, 1932. All measurements are in mm. 


specimen DM- WwW- 
no. AX D UD U WW WWD WH WHD WH 


GS@i65i18)9 2922 27-7) 110) 25:3) (5:4, 985) 12.7, 745-8) 4225 
19.0 5.3 27.3 4.0 21.0 8.6 45.3 46.5 


involute and more strongly ribbed forms, occur in the 
Kunae Zone and its equivalents. The earliest species 
appears to be the South American F. behrendseni which 
is a large, relatively evolute form with strong ribbing 
in its early ontogeny; it appears to predate the Kunae 
Zone. The very involute, characteristically smooth 
forms such as F. carlottense and F. disciforme are more 
characteristic of the Carlottense Zone and its equiva- 
lents. F. carlottense, F. fannini, F. kunae, and F. latum 
are widely distributed along the eastern Pacific. F. cras- 
sum and F. bodegae are only known in North America 
whereas F. behrendseni and F. disciforme appear to be 
endemic to South America. 


Fanninoceras (Fanninoceras) bodegae 
McLearn, 1932 
Plate 2, figure 2 


Description. —Evolute for the genus (U>25); whorls 
compressed. The umbilical wall is low and slightly 
undercut and the flanks gently convex. The striations, 
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Table 7.—Measurements of Fanninoceras (Fanninoceras) carlottense McLearn, 1930. All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 4878 66.5 66.5 Si) 3:3. 
GSC 98585 57.7 ST c2 cC3%5 
GSC 98586 c71.6 c71.6 25 C35 
GSC 87807 40.8 40.8 2 4.9 


ww WWD WH WHD WWWH 
12.3 18.5 39.6 59.6 S151 
14.6 25.3 36.3 62.9 40.2 
15 20.9 c44 c61.5 c34.1 
10.4 25).5) 24.8 60.8 41.9 


which characterize the species, are visible on the upper 
third of the flank where they are seen to be dense and 
strongly projected into the venter. 

Type material.—Holotype: Fanninoceras bodegae 
McLearn, 1932, p. 80, pl. 9, figs. 7-9; GSC 6518. 

Material. —One specimen from the Fannin Forma- 
tion. 

Measurements. —See Table 6. 

Discussion. —McLearn (1932) erected this species 
based on a single specimen that differed from all other 
species of Fanninoceras by being only moderately in- 
volute and showing striations instead of being smooth 
or showing costation. In terms of volution it is similar 
to Fanninoceras latum with which it could be conspe- 
cific. F. /atum differs by having a sharper venter and 
ribbing which is stronger but has the same trend. 

The material from Oregon identified by Imlay (1968) 
as Fanninoceras cf. bodegae appears to be more strong- 
ly ribbed than the type material and in many respects 
is similar to Tragophylloceras sp. described both from 
Oregon (Imlay, 1968) and the Queen Charlotte Islands 
(herein). Unfortunately a trace of the septal suture, 
which would settle the matter, is not available for study. 

Occurrence. —Only known with certainty from the 
Queen Charlotte Islands; possibly present in Oregon. 

Locality. —ET4. 

Age.—Kunae Zone (Late Pliensbachian). 


Fanninoceras (Fanninoceras) carlottense 
McLearn, 1930 
Plate 2, figures 3-7; Text-figures 30j, 31d 


Sphenodiscus requienianus? d’Orbigny. Whiteaves, 1884, p. 248, pl. 
22, fig. 4. 

Fanninoceras carlottense McLearn, 1930, p. 4; 1932, p. 76; Frebold, 
1967, pl. 1, fig. 1, (holotype refigured); 1970, p. 435, pl. 2, fig. 3 
(holotype refigured); Blasco, Levy and Nullo, 1978, p. 425, pl. 1, 
fig. 4; Smith et a/., 1988, pl. 5, figs. 9-11. 

Fanninoceras cf. carlottense McLearn. Imlay, 1968, p. C44, pl. 8, 
figs. 23, 24; 1981, p. 36 (not figured). 

non Fanninoceras cf. carlottense McLearn. Hillebrandt, 1981, pl. 6, 
fig. 11. 

Fanninoceras oxyconum Hillebrandt, 1981, p. 513, pl. 6, figs. 12- 
14; pl. 7, fig. 7; pl. 8, figs. 1, 2; pl. 10, figs. 9-12; Quinzio, 1987, 
pl. 5, fig. 1. 

Fanninoceras aff. disciforme Hillebrandt. Pérez, 1982, pl. 18, fig. 8. 


Description. — Very involute, rapidly expanding form 
with a compressed whorl section and an acute venter. 


Ornamentation is very weak consisting of broad, some- 
times striate ribs that are prorsiradiate, gently flexuous 
on the flanks and only weakly projected onto the ven- 
ter. Up to shell diameters of approximately | cm, the 
ribbing is slightly stronger and the venter more round- 
ed than acute. At shell diameters in excess of 3 cm, 
the shell is usually smooth. The species reached a large 
size (diameters in excess of 15 cm), as suggested by 
many large fragments found and the fact that the ho- 
lotype is completely septate. Hillebrandt (1981) figures 
a specimen of F. oxyconum (considered here a syn- 
onym of F. carlottense) that is completely septate at a 
shell diameter of 14 cm and has an expansion rate of 
approximately 3 suggesting a complete diameter of ap- 
proximately 24 cm assuming a body chamber of half 
a whorl. 

Type material.—Holotype: Sphenodiscus requieni- 
anus? d’Orbigny, Whiteaves, 1884, p. 248, pl. 22, fig. 
4 by original designation (McLearn, 1930); GSC 4878. 

Material. —Sixteen specimens in calcareous sand- 
stone of the Fannin Formation. 

Measurements. —See Table 7. 

Discussion. —Fanninoceras carlottense is the most 
involute, the least costate, and stratigraphically the 
highest ranging species of Fanninoceras in the Queen 
Charlotte Islands. 

Occurrence. —Reported from Argentina (Blasco et 
al., 1978), Chile (Hillebrandt, 1981; Perez, 1982), Ne- 
vada (Smith and Tipper, 1986), Oregon (Imlay, 1968; 
Smith ef al., 1988), and Alaska (Imlay, 1981). It is 
characteristic of the Upper Pliensbachian, particularly 
the highest parts. 

Localities. —B06, ET4, ETS, E63, E66, I06. 

Age.—Kunae (rare) and Carlottense zones (Late 
Pliensbachian). 


Fanninoceras (Fanninoceras) crassum 
McLearn, 1932 
Plate 4, figures 1-4; Text-figure 30c 


Fanninoceras kunae var. crassum McLearn, 1932, p. 78, pl. 9, figs. 
1-4; Frebold, 1964b, pl. 9, fig. 4. 

Fanninoceras kunae McLearn. Imlay, 1981, p. 36, pl. 7, fig. 11. 

Fanninoceras crassum McLearn. Smith, Tipper, Taylor and Guex, 
1988, pl. 4, fig. 5, 6. 


Description. —Rapidly expanding and evolute. The 
venter is rounded on the nucleus (pl. 4, fig. 3c). The 
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00.60. 


Text-figure 30.—Whorl shape cross-sections for species of Fan- 
ninoceras. Figures are natural size unless otherwise indicated. a-b. 
Fanninoceras (Charlotticeras) maudense, n. sp. (a. Paratype GSC 
98624, b. Paratype GSC 98619)(both x1.3); c. Fanninoceras (Fan- 
ninoceras) crassum McLearn, 1930 (GSC 98603); d-e. Fanninoceras 
(Fanninoceras) fannini McLearn, 1930 (d. Holotype GSC 9054, e. 
Plesiotype GSC 6495): f. Fanninoceras (Fanninoceras) latum 
McLearn, 1930 (Type GSC 98610) (x1.3); g. Fanninoceras (Fanni- 
noceras) kunae McLearn, 1930 (GSC 98607); h-i. Fanninoceras 
(Charlotticeras) carteri, n. sp. (h. Holotype GSC 98614, i.Paratype 
GSC 98618) (both x1.3); j. Fanninoceras (Fanninoceras) carlottense 
McLearn, 1930 (Holotype GSC 4878). 


outer whorls are compressed, the umbilical wall un- 
dercut, the flanks flat and the venter sharp. 

The low density ribs are coarse, rectiradiate on the 
flanks and projected onto the venter. 

Type material. —Fanninoceras kunae var. crassum 
McLearn, 1932; Holotype: GSC 6496, pl. 9, figs. 1-2 
(refigured herein, Pl. 4, fig. 2); Paratype: GSC 6517, 
pl. 9, figs. 3-4 (refigured herein, PI. 4, fig. 1). 

Material. —Five specimens in calcareous sandstone 
of the Fannin Formation. 

Measurements. —See Table 8. 

Discussion. —When McLearn (1932) established the 
species F. kunae he recognized two varieties, a coarsely 
ribbed form he called F. kunae var. crassum and an 
evolute, more finely ribbed form called F. kunae var. 
latum. Not only are these forms morphologically dis- 
tinct with no apparent intermediates, they have dif- 
ferent geographic distributions. McLearn’s varieties are 
therefore raised to specific status. 

F. crassum is one of the more evolute species of 
Fanninoceras (Text-fig. 29) but, as the name suggests, 
it is most characterized by the coarseness of its ribbing. 


Occurrence. —F. crassum is also known from the 
Ashcroft area (Arthur, 1985) of southern British Co- 
lumbia and the Wallowa Mountains in northeastern 
Oregon (Smith, 1981). The forms from east-central 
Oregon suggested by Imlay (1968) to be F. crassum 
have a whorl section that is far too wide and a broad, 
rounded venter; they probably represent a new species. 

Localities. —E55, ET4, GT4. 

Age.—Kunae Zone (Late Pliensbachian). 


Fanninoceras (Fanninoceras) fannini 
McLearn, 1930 
Plate 3, figures 1-12; Plate 5, figures 1, 2; 
Text-figures 27, 30d-e, 3la—c 


Fanninoceras fannini McLearn, 1930, p. 4, pl. 1, fig. 3; 1932, p. 72, 
pl. 7, figs. 7, 8; pl. 8, figs. 1-8; Frebold, 1964b, pl. 8, figs. 1, 3, 8; 
pl. 9, fig. 5 (type material refigured); 1967, pl. 1, figs. 2, 3 (holotype 
and paratype refigured); 1970, pl. 2, fig. 5 (paratype refigured); 
Blasco, Levi and Nullo, 1978, p. 424, pl. 1, fig. 7; Hillebrandt, 
1981, pl. 6, figs. 3-5, 8-10; Pérez, 1982, pl. 18, figs. 11-13; Smith 
et al., 1988, pl. 4, figs. 3, 4, 7. 

Fanninoceras dolmagii McLearn. McLearn, 1932, p. 75, pl. 5, figs. 
4, 5; Frebold, 1967, pl. 1, fig. 5 (holotype refigured). 

Fanninoceras sp. Blasco, Levy and Nullo, 1978, p. 425, pl. 1, fig. 
1 

Fanninoceras cf. carlottense McLearn. Hillebrandt, 1981, pl. 6, fig. 
1 


Description. —Early whorls are depressed with a 
broadly arched venter and a low, gently sloping um- 
bilical wall. Ribs are simple, strong, prorsiradiate, and 
weakly projected onto the venter where they quickly 
fade. After shell diameters of 10 to 15 mm the whorls 
become compressed and the ribs broaden and become 
more densely spaced. As growth continues, whorl com- 
pression increases, the umbilical wall becomes marked 
and undercut, and the ribs disappear (Text-figs. 27 and 
28). 

Type material. —When the species was set up it was 
illustrated by an inadequate sketch of the holotype 
(McLearn, 1930). The holotype (GSC 9054) was prop- 
erly illustrated by McLearn (1932, pl. 8, figs. 1-3) and 
it is refigured herein (PI. 3, fig. 2). McLearn (1932) also 
designated the following plesiotypes: GSC 6493 (pl. 8, 
fig. 4; refigured herein, Pl. 3, fig. 6); GSC 6494 (pl. 7, 


Table 8.—Measurements of Fanninoceras (Fanninoceras) crassum McLearn, 1932. All measurements are in mm. 


specimen no. DMAX DPHRAG D UD U 
GSC 6517 c26 — 24 5 20.8 
GSC 6496 — — 28.3 6.7 23. 
_ 24.0 5.8 24.2 
GSC 98603 24.3 24.3 24.3 5.8 23.9 
GSC 87798 22.9 cl6 2155, 4.8 22.3 
- 18 4.3 23.9 


Www WWD WH WHD WWWH PRHW 
5.8 24.2 10.8 45 53.7 13 
c5.0 c17.6 13.6 48.0 c36.8 c13 
c4.5 c18.7 11.8 49.2 c38.1 - 
5.4 22.2 10.9 44.9 49.5 15 
5.6 26.0 9.4 43.7 59.6 13 
4.9 27.2 Ue. 43.9 62.0 12 
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Table 9.—Measurements of Fanninoceras (Fanninoceras) fannini McLearn, 1930. All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 6493 35.24 35:2 4.7 133 
29.8 4.3 14.4 
25.8 4.6 17.8 
GSC 6494 36.8 32:3 — — 
14.0 3:3 23.5 
Td 2:2 29.3 
GSC 6495 _ 66.6 7.8 IE 
56.6 — — 
9.4 2.8 30.0 
GSC 6519! 34.1 34.1 6.1 17.9 
GSC 9054? 38.5 38.5 5.2 13:5 
30.0 5.5 18.2 
24.2 4.8 20.0 
GSC 98594 25.8 25.0 2.8 LED 
GSC 98596 12.4 12 3.0 25 
GSC 98597 c52.5 51.4 6.2 12.1 
GSC 98598 29.6 28.2 PH) 10.3 
GSC 87799 _ _ _ - 
GSC 98600 22.6 2256 25 1 OU 


' Holotype of F. dolmagii. 
? Holotype of F. fannini. 


figs. 7, 8: refigured herein, Pl. 3, fig. 4); GSC 6495 (pl. 
8, figs. 5-8; refigured herein, PI. 3, fig. 1). 

Material. — Approximately 65 specimens in calcar- 
eous sandstone and siltstone of the Fannin Formation. 

Measurements. —See Table 9. 

Discussion. — At similar shell diameters, F. (F.) dol- 
magii (holotype refigured on Pl. 3, fig. 3) is indistin- 
guishable from F. (F.) fannini and the two are here 
considered synonyms. 

In terms of volution, F. (F.) fannini belongs to the 
intermediate group of species where U=c.15 at large 
shell diameters. The similarly volute F. (F.) kunae, 
which also occurs in the Queen Charlotte Islands, dif- 
fers by having sharper, more densely spaced ribs that 
project more strongly onto the venter. 

Occurrence. —F. fannini is widely distributed in the 
eastern Pacific where it is most characteristic of the 
lower part of the Upper Pliensbachian; it is used as a 
zonal index in South America (Hillebrandt, 1987). 

Localities. —C04, D20, ET4, ET5, E53—56, E58, E63, 
FT2, F0O7, GY4, 106, 107, 117. 

Age. —Kunae Zone and rare occurrences in the Car- 
lottense Zone (Late Pliensbachian). 


Fanninoceras (Fanninoceras) kunae 
McLearn, 1930 
Plate 4, figures 5-8, 11, 12; Text-figure 30g 


Fanninoceras kunae McLearn, 1930, p. 5, pl. 2, fig. 4; 1932, p. 77, 
pl. 8, figs. 11, 12; Frebold, 1967, fig. 4 (holotype refigured); Smith, 
Tipper, Taylor and Guex, 1988, pl. 4, figs. 1, 2 (holotype refigured). 

Fanninoceras lowrii McLearn, 1930, p. 5, pl. 1, fig. 6; 1932, p. 79, 
pl. 9, figs. 10, 11. 


ww WWD WH WHD WWWH 
8.7 24.7 20.3 57.8 42.9 
6.8 22.8 16.8 56.4 40.5 
6.0 2312 13.6 52.7 44.1 
7.8 24.0 17.4 54.0 44.8 
4.5 32.0 dl 50.0 64.3 
2.8 37-3 3.4 45.3 82.4 
14.2 PAS) 36.5 54.8 38.9 
11.4 20.1 30.4 53.7 37.5 
3.6 38.2 4.8 51.0 75.0 
Tal 20.8 18.3 53.6 38.8 
13 18.9 21 54.5 34.8 
5.8 19.2 25.6 52.0 37.2 
5.0 20.6 1253 50.8 40.7 
5.9 23.6 14.2 56.8 41.5 
3.4 28.3 4.9 40.1 69.4 
12 23.3 29.5 57.4 40.7 
71.9 28 16.4 58.2 48.2 
15.7 - 39.5, - 39.7 
6.4 28.3 12.6 55.8 50.8 


non Fanninoceras kunae McLearn. Imlay, 1968, p. C44, pl. 8, fig. 
25-32. 

non Fanninoceras kunae McLearn. Imlay, 1981, p. 36, pl. 7, fig. 11. 

Fanninoceras cf. lowrii McLearn. Hillebrandt, 1981, pl. 6, figs. 15- 
WA 

Protogrammoceras(?) or Fanninoceras(?) sp. Pérez, 1982, pl. 18, 
fig. 4. 


Description. — An involute form with an undercut to 
vertical umbilical wall and flat flanks. The fine ribbing 
is flexuous and projects onto the venter. 

Type material. — Holotype: GSC 4876c figured as an 
inadequate sketch (McLearn, 1930, pl. 2, fig. 4); prop- 
erly figured by McLearn in 1932 (pl. 8, figs. 11, 12) 
and refigured herein (Pl. 4, fig. 6). McLearn (1932) 


Text-figure 31.—Traces of the septal suture for species of Fan- 
ninoceras at whorl heights (WH) indicated. a-c. Fanninoceras (Fan- 
ninoceras) fannini McLearn, 1930 (a. GSC 98594, WH = 6.8 mm, 
b. Plesiotype GSC 6495, WH = 36 mm, c. Holotype GSC 9054, 
WH = 14.5 mm); d. Fanninoceras (Fanninoceras) carlottense 
McLearn, 1930 (Holotype GSC 4878, WH = 36.3 mm). 
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Table 10.—Measurements of Fanninoceras (Fanninoceras) kunae McLearn, 1930. All measurements are in mm. 


specimen no. DMAX D UD U 

GSC 4876c'! — 25.5 4.8 18.8 
GSC 6670? — 33:5 5.5 16.4 
GSC 90553 = 21.4 3.1 14.5 
GSC 98607 27 27 c3.5 c13.0 
GSC 98608 22.4 22.4 322 14.3 


' Holotype of F. kunae. 
2 Plesiotype of F. kunae. 
3 Holotype of F. lowrii. 


described but did not figure a plesiotype (GSC 6670) 
which is figured herein (PI. 4, fig. 5). 

Material.—Ten specimens in calcareous sandstone 
of the Fannin Formation. 

Measurements. —See Table 10. 

Discussion. —F. lowrii is placed in synonymy with 
F. kunae because the only notable difference between 
the holotypes (PI. 4, figs. 6 and 11) is that F. /owrii is 
more involute and the ribbing slightly less sharp. These 
differences, however, are not considered significant 
enough to warrant separation at the specific level as 
there are now specimens that are intermediate between 
these two forms both in volution and costation (PI. 4, 
figs. 7 and 8). The species Fanninoceras kunae and F. 
lowrii were erected in the same publication (McLearn, 
1930) but the name F. kunae has priority by virtue of 
being the first described in the text. 

Occurrence. — F. kunae, the zonal index of the Kunae 
Zone, is known from the eastern Pacific where it char- 
acterizes the lower part of the Upper Pliensbachian 
(Smith ef a/., 1988). 

Localitites. —ET4, E55, E58, FT2, GT4, I06. 

Age. —Kunae Zone (Late Pliensbachian). 


Fanninoceras (Fanninoceras) latum 
McLearn, 1930 
Plate 4, figures 9, 10; Text-figure 30f 


Fanninoceras kunae var. latum McLearn, 1930, p. 5, pl. 2, fig. 3; 
1932, p. 78, pl. 9, figs. 5, 6. 

Fanninoceras kunae latum McLearn. Hillebrandt, 1981, p. 513, pl. 
6, fig. 6; pl. 10, fig. 6. 

Fanninoceras sp. Pérez, 1982, pl. 20, fig. 10. 

Fanninoceras cf. kunae McLearn. Hillebrandt, 1990a, pl. 4, fig. 1. 

Fanninoceras latum McLearn. Thomson and Smith, 1992, p. 33, pl. 
12, figs. 10, 11. 


ww WWD WH WHD WWWH PRHW 
5:3 20.8 13.0 51.0 40.8 cl9 
8.6 2557, WES 52.2 49.1 c22 
4.9 23.0 11.6 54.0 42.2 _ 
6.8 25.2 S37 58.1 43.3 c24 
- - 13.3 59.4 ~ 25 


Description. —Evolute with a compressed whorl sec- 
tion, a low, slightly undercut umbilical wall, gently 
convex flanks and an acute venter. The ribbing is in- 
termediate in coarseness between Fanninoceras kunae 
and F. crassum; it is gently prorsiradiate, slightly flex- 
uous on the flanks and weakly projected. Sutures are 
not evident. 

Type material. — Holotype: GSC 9058 figured as an 
inadequate sketch (McLearn, 1930, pl. 2, fig. 3); prop- 
erly figured by McLearn in 1932 (pl. 9, figs. 5, 6) and 
refigured herein (PI. 4, fig. 9). 

Material. —Six specimens in calcareous sandstone of 
the Fannin Formation. 

Measurements. —See Table 11. 

Discussion. —McLearn’s (1932) variety Fanninocer- 
as kunae var. latum is here raised to species status 
because of its morphological differences compared to 
F. kunae as summarized in Text-figure 29; the two 
forms also have different geographic distributions. The 
outer whorls on both specimens of F. /atum available 
for study appear to be egressing slightly and the ribs 
become slightly more projected indicating that it may 
represent a microconch. 

Occurrence. —F. latum has been reported from the 
Pliensbachian of north-central British Columbia 
(Thomson and Smith, 1992) and Atacama, Chile (Hil- 
lebrandt, 1981). 

Localities. —E50 and ET4. 

Age. —Kunae Zone (Late Pliensbachian). 


Fanninoceras (Fanninoceras) sp. | 
Plate 4, figure 13 


Description. —Specimen GSC 98589 is small and in- 
complete but its early whorls show the characteristic 


Table 11.—Measurements of Fanninoceras (Fanninoceras) latum McLearn, 1930. All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 9058 24.5 24.5 6.2 25.3 
19.5 5.2 26.6 


GSC 98610 18.8 18.8 5 26.6 


Www WWD WH WHD WWWH PRHW 
S22 212 10.5 42.8 49.5 18 
3.8 25:3 9.2 47.2 41.3 — 

c4.4 23.4 7.8 41.5 56.4 17 
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Table 12.—Measurements of Fanninoceras (Fanninoceras) sp. 2. 
All measurements are in mm. 


DM- WwW. 
specimen no. AX D UD U WWWWD WH WHD WH 


GSG'98613) 25 225: 3) 12) 7: 28 «13.5 54° 51.9 


ontogenetic development of Fanninoceras passing from 
a globose nucleus to a compressed stage with an un- 
dercut umbilical wall. Ribs are simple, moderately 
densely spaced and projected. The specimen differs 
from other species of Fanninoceras in being fairly evo- 
lute and, more significantly, in the outer non-septate 
whorl fragment, which has a fastigate whorl section 
and ribs that project onto the venter to form weak 
chevrons. The specimen either represents a new species 
or perhaps a microconch. 

Material.—One specimen from the Fannin Forma- 
tion. 

Locality. —ETS. 

Age. —Carlottense Zone (Late Pliensbachian). 


Fanninoceras (Fanninoceras) sp. 2 
Plate 4, figure 14 


Description. —Specimen GSC 98613 is a small, com- 
pletely septate specimen that is involute and com- 
pressed with a vertical umbilical wall and fairly flat 
flanks. It differs from other species of Fanninoceras in 
its venter which is relatively broad and blunt. Except 
for weak, prorsiradiate lirae visible on one part of the 
specimen, there is no evidence of ornamentation. 

Material.—One specimen from the Fannin Forma- 
tion. 

Measurements. —See Table 12. 

Locality. —E63. 

Age. —Carlottense Zone (Late Pliensbachian). 


Subgenus CHARLOTTICERAS, new subgenus 


Type species.—Fanninoceras (Charlotticeras) car- 
teri, N. sp. 

Remarks. —Forms that undergo an ontogenetic 
change from stout inner to compressed outer whorls 
like other species of Fanninoceras but which differ in 
having an incipient, irregular keel and ribs divided 
irregularly into primaries and secondaries. It is possible 
that this group is derived from finely and densely ribbed 
forms such as F. (F.) kunae and F. (F.) latum, partic- 
ularly the latter which is suitably evolute (Text-fig. 29). 
As discussed above, however, it is also possible that 
Fanninoceras and Charlotticeras had separate origins 
within Eoamaltheus, a genus endemic to the latest early 
Pliensbachian of South America. 

Age and distribution. —This subgenus is restricted to 
the Kunae Zone of North America. 


Table 13.—Measurements of Fanninoceras (Charlotticeras) car- 
teri, new species. All measurements are in mm. 


PR- SR- 
Specimen no. DMAX D UD U WH WHD HW HW 


GSC 98614 23 20) S25 2775) 19 45 cl2 ic23 
GSC 98615 623:5' 16 (4:4. 27-5 c8&5 c53.1 “cl4 a c27, 
GSC 98617 - 6) 474 2725") 9/22) 45: 11 18 
GSH98618 - 14 3:5) (25:0 ‘6:0! 42:9" ‘cls ls 


Fanninoceras (Charlotticeras) carteri, 
new species 
Plate 5, figures 13-15; Plate 6, figures 1-5; 
Text-figure 30h-1 


Description. —A midvolute form with a compressed 
whorl section. Until umbilical diameters of approxi- 
mately 3-4 mm, the umbilical wall rounds evenly into 
the gently convex flanks and the venter is broadly 
rounded. At larger umbilical diameters the umbilical 
wall becomes abrupt, the flanks more flattened and the 
sharp venter bears a weak keel that is irregular or ser- 
rated as a result of being crossed by the ribs. Ribs are 
fairly sharp, irregularly fasciculated on the lower third 
of the flank and projected onto the venter; some in- 
tercalated ribs are evident. 

Type material. — Holotype: GSC 98614 (PI. 6, fig. 1). 
Paratypes: GSC 99029 (PI. 5, fig. 13), GSC 99028 (PI. 
5, fig. 14), GSC 99026 (PI. 5, fig. 15), GSC 98615 (PI. 
6, fig. 2), GSC 98616 (PI. 6, fig. 3), GSC 98617 (PI. 6, 
fig. 4), GSC 98618 (PI. 6, fig. 5). 

Material. — Approximately 26 specimens in calcar- 
eous sandstone of the Fannin Formation. 

Measurements. —See Table 13. 

Derivation of name. — This species is named in honor 
of Elisabeth Carter, a micropaleontologist who has 
made valuable contributions to our understanding of 
the Jurassic biostratigraphy of the Queen Charlotte 
Islands. 

Discussion. — Fanninoceras carteri differs from other 
species of Fanninoceras by the fasciculation and in- 
tercalation of ribs, and the presence of a weak keel. 

Occurrence. —This species is known unequivocally 
only from the Queen Charlotte Islands. It may also be 
represented in an Upper Pliensbachian ammonite as- 
semblage from the Tulsequah area of northwestern 
British Columbia (Ammonite gen. et sp. indet. 1, Fre- 
bold, 1964a, p. 22, pl. 2, figs. 7-9) but the material is 
too poorly preserved to be confident. 

Localities. —E51, E55, E57, 106, 107, 114. 

Age. —Kunae Zone (Late Pliensbachian). 


Fanninoceras (Charlotticeras) maudense, 
new species 
Plate 6, figures 6-11; Text-figure 30a—b 
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Table 14.—Measurements of Fanninoceras (Charlotticeras) mau- 
dense, new species. All measurements are in mm. 


WwwW- 
specimen no. DMAX D UD U WWWWD WH WH 


GSC 98619 26.3 24.5 7.0 28.6 5.0 20.4 10 50 


GSC 98620 DIES 19'S! 1621) 31-2) 43 = 7.9 60.8 
GSC 98622 c24 19.5 5.6 28.7 — — 3:0) — 

GSC 98623 Ie5) wliS38) 387, 232477 3:85 (3m 52-1 
GSC 98624 17ES 1639329) 92340 Sa TON a6:9. 


non Fanninoceras maudense (Whiteaves). Frebold, 1970, pl. 2, 
fig. 4. 


Description.—The most evolute species of Fanni- 
noceras yet recognized, this form possesses a smooth 
globose nucleus that rapidly changes its whorl shape 
to compressed with flat flanks and an arched venter 
that bears an incipient keel. The umbilical wall is low 
and vertical, and the umbilical shoulder is angular. 
Ribs are flexuous and gently prorsiradiate. They often 
bifurcate or are intercalated in an irregular manner 
forming 18 to 22 ribs per half whorl in total. 

Type material. —Holotype: GSC 98620 (PI. 6, fig. 7). 
Paratypes: GSC 98619 (PI. 6, fig. 6), GSC 98621 (PI. 
6, fig. 8), GSC 98622 (PI. 6, fig. 9), GSC 98623 (PI. 6, 
fig. 10), GSC 98624 (PI. 6, fig. 11), GSC 99029 (PI. 5, 
fig. 13), GSC 99028 (PI. 5, fig. 14), GSC 99026 (PI. 5, 
fig. 15). 

Material. —Thirty-four specimens in calcareous 
sandstone of the Fannin Formation. 

Measurements. —See Table 14. 

Derivation of name. —Named after Maude Island in 
Skidegate Inlet where some of the type material orig- 
inated. The specimen Sphenodiscus maudensis Whi- 
teaves, 1884 figured as Fanninoceras maudense (Whi- 
teaves) by Frebold (1970, pl. 2, fig. 4) is not a Fan- 
ninoceras but a Cretaceous aconeceratinid (J.A. Je- 
letzky, written commun., 1984). 

Discussion. —F. maudense differs from all other spe- 
cies of Fanninoceras except F. carteri by being more 
evolute, having an incipient keel and having the ribs 
irregularly differentiated into primaries and second- 
aries. F. maudense is slightly more evolute than F. 
carteri, its flanks flatter, the umbilical shoulder more 
angular and the ribs coarser. 

Occurrence. —This species is only known from the 
Queen Charlotte Islands. 

Localities. —D20, E56, E57, ET4, I06. 

Age. —Kunae Zone (Late Pliensbachian). 


Genus GLEVICERAS Buckman, 1918 


Glevumites Buckman, 1918, p. 289. 
Victoriceras Buckman, 1918, p. 293. 
Guibaliceras Buckman, 1918, p. 293. 


Tutchericeras Buckman, 1919, pl. 137A. 
Riparioceras Schindewolf, 1962, p. 490. 


Type species. —Gleviceras glevense Buckman, 1918, 
p. 289, by original designation. G. glevense is a sub- 
jective junior synonym of G. subguibalianum (Pia, 
1914) (Bremer, 1965; Donovan and Forsey, 1973; 
Géczy, 1976). 

Remarks. —Large forms that are closely related to 
Oxynoticeras. The venter becomes rounded with a sharp 
keel that is often lost on outer whorls. Whorl egression 
and coarsening of the ornament marks the mature state. 
The septal suture is complex. 

Age and distribution. —Upper Sinemurian and Low- 
er Pliensbachian of Europe, Turkey, and the east Pa- 
cific. 


Gleviceras? sp. 
Plate 2, figure 1 


Description. —This poorly preserved, septate whorl 
fragment appears originally to have had a compressed 
whorl shape. The venter is keel-less. The simple ribs 
are broad and of low relief, they trend rursiradiately 
from the umbilical seam to the umbilical shoulder, 
rectiradiately across the middle of the flank and are 
weakly projected on the upper flank where they fade. 

Material.—One fragment in sandstone of the Ren- 
nell Junction Member. 

Discussion. —This specimen cannot be identified with 
confidence because of its poor preservation. It shows 
some resemblance to large coarsely ribbed species of 
Gleviceras which are most common in the Sinemurian 
but are known to occur as high as the Lower Pliens- 
bachian (Géczy, 1976). 

Locality. —102. 

Age. —Whiteavesi Zone (Early Pliensbachian). 


Superfamily EODEROCERATACEAE Spath, 1929 
Family POLYMORPHITIDAE Haug, 1887 
Subfamily POLYMORPHITINAE Haug, 1887 
Genus GEMMELLAROCERAS Hyatt, 1900 


Tubellites Buckman, 1924, pl. 491. 
Leptonotoceras Spath, 1925, p. 170. 


Type species. —Aegoceras aenigmaticum Gemmel- 
laro, 1884, pl. 3, figs. 12, 14, 15, by original designation 
(Hyatt, 1900, p. 574). 

Remarks. —Small, evolute forms with a compressed 
whorl section and a rounded, featureless venter. Or- 
namentation is either subdued or the shell is smooth. 

Age and distribution.—Gemmellaroceras has been 
reported most frequently from circum-Mediterranean 
countries where it is characteristic of the Jamesoni and 
Ibex zones (Géczy, 1976; Braga, Comas-Rengifo, Goy 
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Table 15.—Measurements of Gammellaroceras senigmaticum (Gemmellaro, 1884). All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 98631 11.0 11.0 5:2 47.3 
GSC 98632 13.0 12.1 6.5 53h 
GSC 98630 16.0 16.0 8.0 50 

GSC 98633 14.8 14.8 7.6 51.4 
GSC 95575 cl7 12:5 6.0 48 

MEAN 50.1 
ST. DEV. 2.6 


ww WWD WH WHD WWWH 
2.6 23.6 2.6 23.6 100 
2.5 20.7 2.8 23.1 89.3 
333 20.6 4.4 27.5 75 
2.7 18.3 3 23.6 Wie? 
2.5 20 3.6 29 69.4 
20.6 25.4 82.2 
1.9 Past) 12.3 


and Rivas, 1982; Dommergues, Ferretti, Géczy and 
Mouterde, 1983). Leptonotoceras is a morphologically 
similar form sometimes included as a subgenus of 
Gemmellaroceras. It is more cosmopolitan in its dis- 
tribution and restricted to the uppermost Sinemurian. 
Hillebrandt (1973a, 1981) reports Gemmellaroceras 
from the Lower Pliensbachian of Argentina, although 
it is not figured. 


Gemmellaroceras aenigmaticum 
(Gemmellaro, 1884) 
Plate 6, figures 19-23; Text-figure 26e 


Aegoceras aenigmaticum Gemmellaro, 1884, p. 189, pl. 3, figs. 12, 
14 and 15; pl. 4, fig. 10; pl. 7, fig. 20. 

Gemmellaroceras aenigmaticum (Gemmellaro). Braga, Comas-Ren- 
gifo, Goy, and Rivas, 1982, pl. 1, figs. 2, 3. 

Gemmellaroceras aff. aenigmaticum (Gemmellaro). Dommergues, 
Ferretti, Géczy, and Mouterde, 1983, p. 475, pl. 1, figs. 1-12. 


Description.—The largest specimen available for 
study is 20 mm in diameter but most are between 10 
and 15 mm in diameter. The shell is very evolute and 
slowly expanding with a rounded whorl section that 
becomes more compressed with growth. The rounded 
venter is featureless. The shell is generally smooth with 
coarse, simple ribs arising irregularly at larger dia- 
meters. 

Type material.—Holotype: Gemmellaro, 1884, pl. 
3, figs. 12, 14, 15 (Hyatt, 1900, p. 574). 

Material. —Eighteen specimens preserved in sand- 
stone and siltstone of the Rennell Junction Member. 

Measurements. —See Table 15. 

Discussion. —The Canadian material consists of in- 
dividuals that are small compared to the Sicilian ho- 
lotype which reaches a diameter of almost 30 mm. 
There is no evidence that the Canadian specimens are 
mature and some are completely septate so that this 
size discrepancy is not considered significant. 

Occurrence. — This is a Tethyan species reported from 
the Iberian Peninsula (Dommergues et a/l., 1983; Braga 
et al., 1982), Morocco (Dubar and Mouterde, 1978), 
and Italy (Gemmellaro, 1884) where it is characteristic 
of the Jamesoni and Ibex zones. 

Localities. —B04, ET1, E43, GT3. 


Age. —Whiteavesi and lowest Freboldi zones (Early 
Pliensbachian). 


Gemmellaroceras cf. alloplocum 
(Gemmellaro, 1884) 
Plate 10, figures 5, 6 


cf. Aegoceras alloplocum Gemmellaro, 1884, p. 187, pl. 4, figs. 17- 
20; pl. 7, fig. 22. 


Description.—Very evolute (U=c50), slowly ex- 
panding forms that reach shell diameters of 30 to 35 
mm and bear weak, simple ribs that become slightly 
stronger with growth. The ribs, whose densities are 
typically 18 to 22 ribs per half whorl, project onto the 
venter which is angular but apparently does not bear 
a keel. 

Material.— Approximately 25 poorly preserved 
molds in siltstone and rarely, fine sandstone mostly 
from the Ghost Creek Formation with one occurrence 
in the basal Fannin Formation. 

Discussion.—As far as preservation permits com- 
parison, these forms most closely resemble Gemmel- 
laroceras alloplocum whose close affinity to early forms 
of Tropidoceras such as T. erythraeum has been noted 
by Braga and Rivas (1985). 

Occurrence. —G. alloplocum in Sicily occurs in beds 
that correlate approximately with the Jamesoni and 
Ibex zones. This species may also be present in the 
Hall Formation of southern British Columbia as dis- 
cussed under Miltoceras cf. sellae. 

Localities. —E08, E13, E14, E16, E19, GOl, G03, 
G04. 

Age.—Characteristic of the Imlayi Zone with one 
occurrence in the basal Whiteavesi Zone (Early Pliens- 
bachian). 


Gemmellaroceras sp. 
Plate 6, figures 12-14 


Description. —Extremely evolute and slowly expand- 
ing form with a slightly wider than high whorl section. 
There is no keel. Ribs are densely spaced, simple and 
coarse; they begin to project but fade quickly at the 
ventro-lateral shoulder leaving the venter featureless. 
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Table 16.—Measurements of Polymorphites confusus (Quenstedt, 
1856). All measurements are in mm. 


WW- PR- 
specimen no. D UD U WW WWDWH WHD WH HW 
GSC 98626 25.511.9 46.7 6.3 24.7 7.8 30.6 80.8 23 
GSC 98595 17.1 8.0 46.8 5.7 33.3 6.4 37.4 89.1 17 


GSG98628" 230) 92°40) 6:4 «27-8 7:3 3 87.7 17 
GSE98627e 2G WMO 4770 5.6) 2529) 16s 282918) 12) 


MEAN 45.3 27-9 32 87.4 
ST. DEV. 3.6 3.8 2 iG el! 


On two of the specimens (Plate 6, figs. 12 and 13) the 
ribbing fades and disappears. 

Material. —Three specimens from the Rennell Junc- 
tion Member. 

Discussion. —The specimens are too small to make 
meaningful measurements and their small size makes 
them difficult to identify to the species level. They 
differ from other species of Gemmellaroceras by their 
very low expansion rate, their stout whorl section and 
their coarse ribs. 

Locality. —FT1. 

Age.— Associated with ammonites of the Freboldi 
Zone (Early Pliensbachian). 


Genus POLYMORPHITES Haug, 1887 


Type species. —Ammonites polymorphus quadratus 
Quenstedt 1845, pl. 4, fig. 9, by subsequent designation 
(Roman, 1938, p. 103). 

Remarks. —Small, evolute forms with a subquadrate 
whorl section and simple ribs that are commonly tu- 
berculate. Ventral features are disturbingly variable in- 
cluding plain, keeled, and keel-less with transverse rib- 
bing. 

Age and distribution.—Polymorphites is a wide- 
spread genus with most of its species occurring in 
northwest Europe. It is restricted to the Jamesoni Zone. 
The genus has been previously but only tentatively 
recognized in western North America and South 
America (Hillebrandt, 1987; Thomson and Smith, 
1992). 


Polymorphites confusus (Quenstedt, 1856) 
Plate 6, figures 15-18; Text-figure 32c 


Ammonites confusus Quenstedt, 1856, p. 127, pl. 15, figs. 8-10; 1885, 
p. 247, pl. 30, figs. 54-62. 

Polymorphites confusus (Quenstedt). Schlegelmilch, 1976, p. 62, pl. 
28, figs. 9, 10. 

Polymorphites (Uptonia?) confusus (Quenstedt). Hoffmann, 1982, p. 
189, pl. 19, figs. 1-5. 


Description. —Evolute, slowly expanding forms with 
a compressed, subquadrate whorl section. The low um- 
bilical wall rounds evenly into the gently convex flanks; 


the keel-less venter is gently arched but becomes flat 
with growth. No suture lines are visible so that the 
length of the body chamber is not known. 

Ornamentation consists of dense, simple ribs that 
bear weak tubercles at the ventro-lateral shoulder. The 
ribs arise on the umbilical wall, trend rectiradiately to 
gently prorsiradiately across the flanks to the ventro- 
lateral shoulder where they project weakly onto the 
venter and fade very rapidly. 

Material. —Seven specimens and several whorl frag- 
ments preserved in limestone and one mold preserved 
in siltstone of the Ghost Creek Formation and Rennell 
Junction Member. 

Measurements. —See Table 16. 

Discussion. —These specimens differ from the inner 
whorls of Dubariceras and Metaderoceras with which 
they may be associated, in being more evolute and 
more slowly expanding, in having a less compressed 
whorl section and in having ribs that project onto the 
venter. 

Occurrence. — This species is known from Germany 
(Hoffmann, 1982) and Portugal (Mouterde, 1967) where 
it occurs in the Jamesoni Zone. 

Localities. —B04, E02, E03, E08, E17, G02, G03, 
G05, G09, HO1. 

Age. —Imlayi to lowest Freboldi Zone (Early Pliens- 
bachian). 


Subfamily ACANTHOPLEUROCERATINAE 
Arkell, 1950 


Genus ACANTHOPLEUROCERAS Hyatt, 1900 


Type species. —Ammonites valdani d’Orbigny, 1844, 
pl. 42, by subsequent designation. Hyatt (1900, p. 578) 
designated Ammonites natrix Schlotheim, 1820, as the 
type species but he based this on Zieten’s illustration 
(1830, pl. 4, fig. 5) of Ammonites natrix, the only rep- 
resentation of the species available at the time. As 
pointed out by Quenstedt (1849) and later Jaworski 
(1931), who was the first to figure the holotype, 
Schlotheim’s species is in fact an echioceratid. Acan- 
thopleuroceras was therefore based on a misidentified 
type species. Bremer (1965, p. 185) renamed Ammon- 
ites natrix sensu Zieten as Acanthopleuroceras pseu- 
donatrix, and this was accepted as the type species by 
Frebold (1970, p. 439), although Bremer had pointed 
Out its unsuitability in this respect. The type material 
is lost and there is some doubt as to the accuracy of 
Zieten’s figure so that Getty (1970) finally proposed 
Ammonites binotatus Oppel, 1862 as the type species. 
Getty considered Ammonites binotatus as the new name 
for Ammonites valdani d’Orbigny, 1844, a homonym 
of Ammonites (‘‘Turrilites”’) valdani d’Orbigny, 1842. 
D’Orbigny’s 1844 species was upheld (ICZN Opinion 
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Table 17.—Measurements of Acanthopleuroceras thomsoni, new species. All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 98637 c37 27.6 12 43.5 
= 6 = 
GSC 98639 - — 11 — 
GSC 98638 28.4 28.4 11.4 40.1 
— Wee? aa 
GSC 98635 42 42 19.8 47.1 
MEAN 43.6 
ST. DEV. 3.5 


996, 1973), however, and it now becomes the type 
species of Acanthopleuroceras. 

Remarks. —The whorl section is quadrate to 
subquadrate and the venter bears a conspicuous blunt 
keel. Secondary ribs are rare but one or two rows of 
tubercles are common. The suture line has a trifid lat- 
eral lobe. 

Age and distribution. —Cosmopolitan and restricted 
to the Ibex Zone and its correlatives. 


Acanthopleuroceras thomsoni, new species 
Plate 7, figures 1-5; Text-figure 32d,f 


Paltechioceras cf. P. harbledownense (Crickmay). Imlay, 1981, p. 34, 
pl. 4, figs. 18-21 only. 

Acanthopleuroceras aff. stahli (Oppel). Smith, Tipper, Taylor and 
Guex, 1988, Text-figure 1; Thomson and Smith, 1992, p. 18, pl. 
5, figs. 1-4. 


Description. —Evolute forms with an oval whorl sec- 
tion that becomes rectangular and compressed at um- 
bilical diameters greater than approximately 10 mm. 
The flattened venter bears a low keel that is sometimes 
weakly sulcate. Ornamentation consists of densely 
spaced, rursiradiate ribs that swell or bear small round- 
ed tubercles at their ventral ends. The nucleus is smooth 
but the ribbing, once established, maintains a density 
of approximately 19 or 20 ribs per half whorl through- 
out ontogeny. The suture line is not known. 

Type material. — Holotype: GSC 9863 (PI. 7, fig. 4). 
Paratypes: GSC 98635 (PI. 7, fig. 1), GSC 98636 (PI. 
7, fig. 2), GSC 98637 (PI. 7, fig. 3), GSC 98639 (PI. 7, 
fig. 5). 

Material. —Approximately 50 specimens in lime- 
stone, fine sandstone and siltstone of the Ghost Creek 
Formation and Rennell Junction Member. 

Measurements. —See Table 17. 

Derivation of name. —The species is named in honor 
of Mr. R. Thomson (Chevron Canada Ltd.) for his 
work on the Jurassic of northern British Columbia. 

Discussion.—This form differs from A. whiteavesi 
with which it is commonly found and is closely related, 
by its denser, more rursiradiate ribbing, the presence 
of tubercles, and the weakly sulcate keel. It differs from 


ww WWD WH WHD  WWWH  PRHW 

8 29.0 8.6 31.2 93.0 19 
= = = = = 20 
6.3 = 7 = 90.0 19 
8.3 29.2 9.6 33.8 86.5 19 
es = = = = 19 
= a 13.5 32.1 = 20 

32.4 89.8 

1.3 3.3 


A. stahli by its single rather than double row of tuber- 
cles. Two specimens identified as Tropidoceras sp. by 
Frebold (1970) are tentatively considered as variants 
of A. thomsoni. The first (Frebold, 1970, pl. 1, fig. 17) 
almost certainly belongs to 4. thomsoni since it is iden- 
tical to the holotype except for the ventral ends of the 
ribs which are not tuberculate or notably swollen. The 
second specimen (Frebold, 1970, pl. 2, fig. 16) differs 
from A. thomsoni by its more rectiradiate, more dense- 
ly spaced ribs. 

The inclusion of some specimens of Paltechioceras 
cf. harbledownense from southern Alaska identified by 
Imlay (1981) is based on examination of the material 
which shows the presence of ventral tubercles on the 
ribs; tubercles are unknown in the echioceratidae. 

When preservation is poor, this form can superfi- 
cially resemble species of Arieticeras seen higher in the 
section but the presence of tubercles on Acanthopleu- 
roceras thomsoni serves as a readily distinguishable 
character. 

Occurrence. —A species apparently endemic to the 
northeastern Pacific where it has been recorded from 
Alaska, British Columbia, Nevada and Oregon (Imlay, 
1981; Smith, 1981; Thomson and Smith, 1992). 

Localities. —A06, AO8, A10, B04, E27, E33-37, E41, 
GT1, GT3, H08, HO9, I01, 102, 116. 

Age. —Whiteavesi Zone (Early Pliensbachian). 


Acanthopleuroceras whiteavesi 
Smith and Tipper, 1988 
Plate 7, figures 6-10; Text-figures 26c, 32g-h 


Tropidoceras actaeon (d’Orbigny). Frebold, 1970, p. 440, pl. 2, figs. 
13-15. 

Acanthopleuroceras whiteavesi Smith and Tipper in Smith, Tipper, 
Taylor and Guex, 1988, p. 1519, pl. 2, figs. 1-4. 

Acanthopleuroceras cf. whiteavesi Smith and Tipper. Hillebrandt in 
Westermann, 1992, pl. 11, fig. 3a,b. 


Description.—This species was erected using type 
material from the Queen Charlotte Islands and fully 
described by Smith et a/. (1988) to which the reader 
is referred. 

Type material. — Holotype: GSC 87790 (Smith et al., 
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Text-figure 32.—Whorl shape cross-sections for species of the Po- 
lymorphitidae. Figures are natural size. a. Tropidoceras n. sp. (GSC 
98648): b. Tropidoceras actaeon (D’Orbigny, 1844) (GSC 98645); c. 
Polymorphites confusus (Quenstedt, 1856) (GSC 98626); d,f. Acan- 
thopleuroceras thomsoni, n.sp. (d. Holotype GSC 98638, f. Paratype 
GSC 98637); e. Tropidoceras masseanum rotunda (Futterer, 1893) 
(Holotype GSC 95573); g-h. Acanthopleuroceras whiteavesi Smith 
and Tipper, 1988 (g. GSC 98653, h. Holotype GSC 87790). 


1988, pl. 2, figs. 1, 2; refigured herein, Pl. 7, fig. 7). 
Paratype: GSC 87791 (Smith et al., pl. 2, figs. 3, 4; 
refigured herein, Pl. 7, fig. 6). 

Material. —Forty-three specimens preserved in 
limestone, sandstone, and, rarely, in siltstone of the 
Sandilands and Ghost Creek formations and the Ren- 
nell Junction Member. 

Occurrence. —This species is the zonal index for the 
Whiteavesi Zone to which it is restricted. Apart from 
the Queen Charlotte Islands, the species is also known 
from the Hurwal and Keller Creek formations of Or- 
egon, information inadvertently omitted from the orig- 
inal species description by Smith and Tipper (77 Smith 
et al., 1988, p. 1521). 

Localities. —A01, A02, A06, B03, C02, DO2, DO7, 
Dil, EM, E27, E34, E35, G04; 116: 

Age. —Whiteavesi Zone (Early Pliensbachian). 


Genus TROPIDOCERAS Hyatt, 1867 


Type species. —Ammonites masseanum d’Orbigny, 
1844, pl. 58, by subsequent designation (Haug, 1885, 
p. 606). 

Remarks. — Fairly evolute forms with a compressed 
whorl section bearing a sharp keel. Ribbing is often 
weak and sometimes divided into primaries and sec- 
ondaries. Species are non-tuberculate or weakly bitu- 
berculate. The suture line is complex with a bifid lateral 
lobe. Most workers have concluded that Tropidoceras 
and Acanthopleuroceras are closely related (e.g., Dom- 
mergues and Mouterde, 1978, but see Wiedenmayer, 
1977) and some species such as 4. stahli and A. rur- 
sicosta are difficult to assign to either genus with con- 
fidence. In addition, Braga and Rivas (1985) have 
pointed out that Tropidoceras lies morphologically and 


chronologically between the genera Gemmellaroceras 
and Acanthopleuroceras. 

Age and distribution. —Widely distributed but most 
diverse in the Jamesoni and Ibex zones of the Medi- 
terranean region (Schlatter, 1980; Braga and Rivas, 
1985). 


Tropidoceras actaeon (d’Orbigny, 1844) 
Plate 8, figures 1-3, 6; Text-figure 32b 


Ammonites actaeon d’Orbigny, 1844, p. 232, pl. 61, figs. 1-3. 

Cycloceras actaeon Futterer, 1893, p. 329, pl. 12, figs. 1, 2. 

Tropidoceras aff. actaeon (d’Orbigny). Spath, 1928, p. 228, pl. 16, 
fig. 7. 

Tropidoceras actaeon (d’Orbigny). Spath, 1928, p. 229, pl. 17, fig. 
9; Wiedenmayer, 1980, p. 175, fig. 54a—c; Imlay, 1981, p. 37, pl. 
8, figs. 1-9; Meister, 1986, p. 53, pl. 8, fig. 5. 

Tropidoceras actaeon orientale (d’Orbigny). Bremer, 1965, p. 189, 
pl. 16, fig. 9; Text-figure 3. 

non Tropidoceras actaeon (d’Orbigny). Frebold, 1970, p. 440, pl. 2, 
figs. 13-15 (=Acanthopleuroceras whiteavesi). 

Acanthopleuroceras actaeon (d’Orbigny). Mouterde and Dom- 
mergues, 1978, fig. 25; Dommergues and Mouterde, 1978, fig. 2, 
no. 6; pl. 3, figs. 6-8. 

Acanthopleuroceras cf. actaeon (d’Orbigny). Dommergues and Mou- 
terde, 1981, p. 85, pl. 1, fig. 17. 


Description. — Moderately evolute form with an oval 
whorl section. On early whorls the venter 1s angular 
but not sharp and there is an indistinct keel. On outer 
whorls, no keel is evident. Ribs are simple, not densely 
spaced and trend rectiradiately to gently rursiradiately 
towards the venter where they project weakly before 
quickly fading. 

Type material.—Holotype: Ammonites actaeon 
d’Orbigny, 1844, pl. 61, figs. 1-3. Neotype designated 
and figured by Wiedenmayer, 1980, p. 175, Text-figure 
54a. 

Material. —Approximately 50 specimens mostly 
preserved as molds in siltstone and mudstone with a 
few in calcareous sandstone. Collected from the Ghost 
Creek Formation and Rennell Junction Member. 

Measurements. —See Table 18. 

Discussion. —This species is placed in Tropidoceras 
rather than Acanthopleuroceras because of its whorl 
shape and ventral features. A lectotype, which is slight- 
ly more evolute and more densely ribbed than the 
holotype of d’Orbigny (1844), is figured by Wieden- 
mayer (1980). The North American material most 
closely resembles d’Orbigny’s holotype. 

Occurrence. —T. actaeon is a widely distributed spe- 
cies characteristic of the Ibex Zone and its equivalents 
in Europe. In North America it is known from British 
Columbia and Alaska. 

Localities. —A04, AOS, DO3, DOS-08, D10-12, 
ED25 E10) E13, E18; E2027, E305 E34; FOl, Grit 
GOS, G09, HO2, HO3, HOS-O7, [O02. 
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Table 18.—Measurements of Tropidoceras actaeon (d’Orbigny, 1844). All measurements are in mm. 


specimen no. D UD U Www 

GSC 98645 48 21 44 cll.s 
= 10 = = 
= 4.1 — _ 


Age.—Upper Imlayi and Whiteavesi zones (Early 
Pliensbachian). 


Tropidoceras cf. erythraeum (Gemmellaro, 1884) 
Plate 10, figures 4, 7 


cf. Harpoceras erythraeum Gemmellaro, 1884, p. 40, pl. 5, figs. 10- 
16. 

cf. Tropidoceras erythraeum (Gemmellaro). Levi, 1896, p. 274, pl. 
8, fig. 10; Fucini, 1896, p. 248, pl. 25, fig. 22; Bremer, 1965, p. 
187, text-fig. 2c; Braga and Rivas, 1985, p. 576, pl. 1, figs. 1, 2. 

Tropidoceras aff. erythraeum (Gemmellaro). Smith, Tipper, Taylor 
and Guex, 1988, pl. 1, fig. 9. 


Description.—An evolute form that becomes more 
involute with growth. The whorl section was probably 
compressed and a sharp keel is evident. Early whorls 
are smooth or very weakly ornamented. At umbilical 
diameters of between | and 2 cm, broad, distantly 
spaced ribs are evident on the lower part of the flank. 

Type material.—Lectotype: Gemmellaro, 1884, pl. 
5, figs. 10, 11 designated by Bremer (1965, p. 187). 

Material. —Twenty-five poorly preserved molds in 
siltstone and shale of the Ghost Creek Formation. 

Occurrence. — T. erythraeum is the earliest occurring 
species of Tropidoceras (Jamesoni Zone). The species 
is circum-Mediterranean in its distribution (Turkey, 
Italy, Spain) and its affinities have been discussed by 
Braga and Rivas (1985). 

Localities. —A02, EO1, EOS, EO7, E10, GOI1-3, 
IO8-11. 

Age. —Imlayi Zone (Early Pliensbachian). 


Tropidoceras flandrini flandrini 
(Dumortier, 1869) 
Plate 9, figures 1, 2, 4 


Ammonites flandrini Dumortier, 1869, p. 72, pl. 14, figs. 1, 2. 

Tropidoceras flandrini (Dumortier). Fucini, 1900, p. 24, pl. 5, fig. 2; 
Braga and Rivas, 1985, p. 572, pl. 1, fig. 3, pl. 2, fig. 1; Meister, 
1986, p. 43, pl. 8, fig. 6; Smith, Tipper, Taylor and Guex, 1988, 
pl. 2, fig. 6. 

Tropidoceras cf. flandrini (Dumortier). Géczy, 1976, p. 92, pl. 17, 
figs. 8, 9. 

Tropidoceras flandrini densicosta (Dumortier). Wiedenmayer, 1977, 
p. 64, pl. 14, figs. 1, 2. 

Tropidoceras flandrini cf. obtusum (Futterer). Hillebrandt, 1987, pl. 
3, figs. 4, 5. 


Description. —Evolute form bearing weak ribs that 
become stronger, more densely spaced and bituber- 
culate with growth. Primary ribs are fine and bear nu- 


WWD WH WHD WWWH ~~ PRHW 
0.24 15.2 317 c75.7 17 
= = = = 15 
= =: = = 15 


merous fine secondary ribs that project onto the venter 
where a low keel is evident. 

Type material. —Holotype: Dumortier, 1869, pl. 14, 
figs. 1, 2. 

Material. —Nine specimens in dark siltstone and fine 
sandstone of the Ghost Creek Formation. 

Measurements. —See Table 19. 

Discussion. —There are three subspecies of 7. flan- 
drini recognized by various workers, the other two be- 
ing 7. f. densicosta (Futterer, 1893) and 7. f. obtusa 
(Futterer, 1893). 7. f densicosta is compressed with 
densely spaced, weak costation; 7. f- obtusa has a 
subquadrate whorl section with strong, coarser, slightly 
less dense costation and 7. f. flandrini sits between 
these extremes. These subspecies probably reflect co- 
variation within a single species although 7. f densi- 
costa has not been recognized in the Queen Charlotte 
Islands collections to date. 

Occurrence. —This form is common in the Mediter- 
ranean region of the Tethyan Realm as far north as 
southern France and southern Germany where it ap- 
pears in the Jamesoni Zone and ranges into the Ibex 
Zone (Schlatter, 1980; Dommergues, Mouterde, and 
Phelps, 1984). In South America it is known from the 
‘** Tropidoceras” zone in Argentina (Hillebrandt, 1987). 

Localities. —A08,DO4, DO7, GO3, GO4, HO4, IO8. 

Age.—Imlayi and lower Whiteavesi zones (Early 
Pliensbachian). 


Tropidoceras flandrini obtusa 
(Futterer, 1893) 
Plate 8, figure 5; Plate 9, figures 3, 5 
Cycloceras flandrini Dumortier var. obtusa Futterer, 1893, p. 334, 
pl. 13, fig. 1. 


Tropidoceras cf. flandrini (Dumortier). Thomson and Smith, 1992, 
p. 19, pl. 5, fig. 5. 


Description. —Evolute form that expands fairly rap- 
idly compared to many other species of 7ropidoceras. 


Table 19.— Measurements of Tropidoceras flandrini flandrini (Du- 
mortier, 1869). All measurements are in mm. 


specimen 
no. DMAX D UD U WH WHD PRHW 


GSC 87793 c95 80 34 42.5 27 33.8 cl8 
GSC 95574 64 64 Zl, 42.2 21 32.8 18 
- 16 = — 11 
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Table 20.—Measurements of Tropidoceras masseanum rotunda 
(Futterer, 1893). All measurements are in mm. 


Table 21.—Measurements of Tropidoceras aff. rursicosta (Buck- 
man, 1918). All measurements are in mm. 


specimen DM- WW- PR- 
no. AX DTD U WW WH WHD WH HW 
GSGEi95573) 1c95" 72) 26:5" 36:8 —  c27 Sie) a— 2 
— c20 = 14 20.4 — 68.6 11 


Whorls are compressed with a low keel and, for much 
of ontogeny, bear only coarse, widely spaced primary 
ribs that are rursiradiate in trend. At umbilical di- 
ameters of approximately 35 mm, the primary ribs 
become strongly bituberculate with an average of four 
secondaries arising per primary. The secondary ribs 
project onto the venter. 

Type material.—Holotype: Futterer, 1893, pl. 13, 
fig. 1. 

Material. —Seven specimens in dark siltstone, only 
moderately well preserved. Collected from the Ghost 
Creek Formation. 

Discussion.—This variant differs from 7. flandrini 
flandrini recognized herein, by its much sparser and 
coarser ribbing. 

Occurrence. — This form is known from the Ibex Zone 
of southern Germany (Schlatter, 1980) and the Whi- 
teavesi Zone of northern British Columbia (Thomson 
and Smith, 1992). 

Localities. —DO1, DO8, 108. 

Age.—Imlayi and Whiteavesi zones (Early Pliens- 
bachian). 


Tropidoceras masseanum rotunda 
(Futterer, 1893) 
Plate 10, figures 1, 2; Text-figure 32c 


Cycloceras masseanum @Orbigny var. rotunda Futterer, 1893, p. 
330, pl. 12, figs. 3, 4. 

Tropidoceras masseanum (d’Orbigny) rotunda (Futterer). Schlatter, 
1980, p. 138, pl. 19, fig. 4; pl. 20, figs. 1, 2; fig. 11, g-i. 

Tropidoceras masseanum rotunda (Futterer). Meister, 1986, p. 45, 
pl. 6, fig. 6; pl. 7, fig. 1. 


Description. — Large specimens (PI. 10, fig. 1 is com- 
pletely septate) that are moderately evolute and have 
a compressed whorl section bearing a low keel. The 
ribs are robust and tubercles are not present. The rib- 
bing is rectiradiate to gently rursiradiate and projects 
onto the venter. The umbilical wall is high and round- 
ed, the flanks weakly convex. 

Type material.—Holotype: Futterer, 1893, pl. 12, 
figs. 3, 4. 

Material. —Twenty-five specimens preserved in silt- 
stone and calcareous concretions; mostly fragments and 
external molds. Collected from the Sandilands and 
Ghost Creek formations and Rennell Junction Mem- 
ber. 


specimen no. D UD U WH WHD PRHW 
GSC 98650 80 40 50 24 30 cl4 


Measurements. —See Table 20. 

Discussion.—This form differs from Tropidoceras 
masseanum masseanum (d’Orbigny, 1884) by its 
stouter whorl section, coarser ribbing and slightly more 
evolute coiling. 

Occurrence.—T. m. masseanum is widely distrib- 
uted and particularly common in the Tethyan area of 
southern Europe. 7. masseanum rotunda has been re- 
ported from southern Germany and southern France 
where it is characteristic of the lower Ibex Zone. 

Localities. —A01, C02, D06-08, D10, Dll, ET1, 
BRO ELS: E21 E23. E25 E27 —3 1 E37, £39) (Ga3: 
G06, 102. 

Age. —Whiteavesi Zone (Early Pliensbachian). 


Tropidoceras aff. rursicosta (Buckman, 1918) 
Plate 8, figure 7 


aff. Ammonites valdani d’Orbigny. Quenstedt, 1885, p. 278, pl. 35, 
fig. 4. 

aff. Acanthopleuroceras rursicosta Buckman, 1918, p. 286, pl. 26, 
fig. 4. 

aff. Tropidoceras rursicosta (Buckman). Schlatter, 1980, p. 147, pl. 
22, fig. 4. 


Description. —Evolute, slowly expanding forms, the 
largest specimen of which is figured. No sutures are 
visible so that the length of the body chamber is un- 
known. The whorl section is probably subquadrate 
bearing a low, blunt keel. The umbilical wall is low 
and rounds evenly into the gently convex flanks. 

There is no ribbing on the inner whorls until an 
umbilical diameter of 8 to 10 mm at which point broad, 
weak primary ribs arise that are rursiradiate and com- 
monly swollen near the umbilicus. On larger whorls, 
the strength of the ribbing increases and three or four 
secondary ribs per primary rib project onto the venter. 

Type material.—Holotype for Tropidoceras rursi- 
costa: Buckman, 1918, pl. 26, fig. 4. 

Material.—Four specimens, poorly preserved in 
mudstone and siltstone of the Ghost Creek Formation. 

Measurements. —See Table 21. 

Discussion. — This material represents a new species 
related to the large form Tropidoceras rursicosta which 
is characterized by its strongly rursiradiate, commonly 
tuberculate primaries and projected secondary ribs. The 
state of preservation of the material, however, does 
not warrant the establishment of a new species name. 

A large specimen held in the collections of the Nat- 
ural History Museum, London (number C22346) was 
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referred to 7. rursicosta by Spath (1922, p. 124). It was 
labelled as originating from Vancouver Island (Hector 
collection) and included in a collection of Cretaceous 
age. Spath (1922) believed the specimen misplaced and 
suggested that it originated, like Buckman’s specimen 
of Acanthopleuroceras rursicosta, from the Carixian 
(Lower Pliensbachian) of Gloucestershire. The possi- 
bility of it originating from the Insular Belt of British 
Columbia (and perhaps representing the species T. aff. 
rursicostata described here), however, cannot be dis- 
counted. Jurassic and Cretaceous faunas were com- 
monly confused by early workers in this area (see 
Whiteaves, 1884). 

Occurrence. —T. rursicosta is known from the Ibex 
Zone of Britain and the Valdani subzone of the Ibex 
Zone in Germany. 

Localities. —E01, 108, 111, 113. 

Age.—Imlayi Zone (Early Pliensbachian). 


Tropidoceras new species | 
Plate 8, figure 4; Text-figure 32a 


Description. —Midvolute form with a compressed 
whorl section. The umbilical wall is fairly high and 
steeply inclined, the venter angular bearing a low keel. 
Ribbing is coarse and rursiradiate with rounded tu- 
bercles at the ventro-lateral shoulder. The ribs weaken 
dramatically at the ventro-lateral shoulder and can 
barely be seen projecting onto the venter. No sutures 
are visible. 

Material.—One moderately well preserved, slightly 
distorted internal mold and two whorl fragments pre- 
served in sandstone of the Rennell Junction Member. 

Discussion. — A somewhat similar specimen is known 
from southern Germany (Schlatter, 1980, p. 148, pl. 
22, fig. 5) but it does not bear well marked tubercles 
and its inner whorls are not preserved making com- 
parisons difficult. More material is needed before this 
probable new species can be properly documented. 

Occurrence.—This form is only known from the 
Queen Charlotte Islands. 

Localities. —E34, 102. 

Age. —Whiteavesi Zone (Early Pliensbachian). 


Tropidoceras new species 2 
Plate 10, figure 3 


Description. — Because of the incomplete nature of 
this material it is not possible to make measurements 
but the shell was moderately evolute with a compressed 
whorl section (WW WH=c63) bearing a weak keel. The 
umbilical wall is steep but rounds rapidly into the flat- 
tened flanks. The ribs are flexuous and strongly rur- 
siradiate. A few ribs swell at their ventral ends and all 
the ribs fade as they project onto the venter where very 
weak striations can be seen. 


Material.—Two fragments of specimens in calcar- 
eous sandstone of the Ghost Creek Formation. 

Discussion. —The volution and whorl shape of these 
specimens are reminiscent of more finely ribbed forms 
of 7. masseanum but the rursiradiate trend of the rib- 
bing sets this material apart. It cannot be established 
as a new species, however, until more material is col- 
lected. 

Localities. —ET1, E14. 

Age.—Imlayi Zone (Early Pliensbachian). 


Tropidoceras species | 
Plate 11, figures 1-3 


Description. — Very evolute, slowly expanding forms 
with weak simple ribs that become stronger at umbil- 
ical diameters of 15 to 20 mm. A keel is evident on 
some of the fragments. 

Material. —Nine poorly preserved molds in siltstone 
of the Ghost Creek Formation and Rennell Junction 
Member. 

Discussion. — The volution and expansion rate of this 
form are reminiscent of those seen in Gemmellaroceras 
although the presence of a keel and, to a lesser extent, 
the large size of the specimens leave no doubt that it 
should be assigned to Tropidoceras. Better preserved 
material must be collected before a confident identi- 
fication can be made. 

Localities. —DO1, E18, E20, GO1, 104, 108, I11. 

Age.—Imlayi and Whiteavesi zones. 


Family PHRICODOCERATIDAE Spath, 1938 
Genus PHRICODOCERAS Hyatt, 1900 
Hemiparinodiceras Géczy, 1959, p. 143. 


Type species. — Ammonites taylori Sowerby, 1826 (pl. 
514, figs. 1, 2), by original designation (Hyatt, 1900, 
p. 587). 

Remarks. —Early ontogenetic stages have a rounded 
or depressed whorl section, are strongly ribbed and 
bear marked lateral and paired ventral tubercles. Outer 
whorls are compressed with weak or obsolete orna- 
mentation. 

Age and distribution. — Phricodoceras is known from 
the Jamesoni Zone of the Northwest European Prov- 
ince where the rare P. tay/ori is a subzonal index (Dean 
et al., 1961). During the course of the Pliensbachian, 
the genus became widely distributed, from the Medi- 
terranean region to as far east as Roti in Indonesia 
(Krumbeck, 1922). Outside Northwest Europe the ge- 
nus is much longer ranging (Géczy, 1976; Fantini Ses- 
tini, 1978; Dubar and Mouterde, 1978; Bremer, 1965; 
Dommergues and Meister, 1990) particularly in Italy 
where it ranges from the Raricostatum to the Margar- 
itatus zone. The genus is not, as yet, recorded from 
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South America but it is previously recorded from cra- 
tonal North America by Frebold (1970). 


Phricodoceras cf. taylori 
(J. de C. Sowerby, 1826) 
Plate 15, figure 2 


cf. Ammonites taylori J. de C. Sowerby, 1826, p. 23, pl. 514, fig. 1; 
dOrbigny, 1844, p. 323, pl. 103, figs. 3, 4; Quenstedt, 1856, p. 
125, pl. 16, fig. 8; Hauer, 1861, p. 413, pl. 1, figs. 21-22. 

cf. Ammonites lamellosus d’Orbigny, 1844, p. 283, pl. 84, figs. 1, 2. 

cf. Aegoceras taylori (J. de C. Sowerby). Wright, 1880, p. 348, pl. 
31, figs. 5-7; Bettoni, 1900, p. 78, pl. 8, figs. 18, 19. 

cf. Phricodoceras taylori (J. de C. Sowerby). Del Campana, 1900, p. 
587, pl. 5, figs. 45-47; Bremer, 1965, p. 175; Dommergues, 1978, 
p. 41, figs. 1-3. 

cf. Phricodoceras lamellosum (d’Orbigny). Buckman, 1920, pl. 
149A-D. 

Phricodoceras cf. taylori (J. de C. Sowerby). Frebold, 1970, pl. 2, 
figs. 11, 12; Smith, Tipper, Taylor and Guex, 1988, pl. 1, fig. 10. 

Phricodoceras cf. lamellosum (d’Orbigny). Dubar and Mouterde, 1978, 
p; 5, pl: 3; fig: 3: 

Phricodoceras aff. taylori (J. de C. Sowerby). Dommergues and Meis- 
ter, 1990, p. 299, pl. 2, fig. 3. 


Description.—This specimen had an estimated di- 
ameter of 40 mm and was midvolute with U at ap- 
proximately 35-40 mm. The umbilical wall rounds 
evenly into the rounded flanks. Ribbing is fairly dense 
(PRHW=13 at UD=15 mm). Theribs are simple, gent- 
ly prorsiradiate and sharper on the inner whorls. Two 
rows of tubercles are present, one on the upper third 
of the flank, the other on the lateral part of the venter. 
The venter itself is not visible. 

Type material. —Holotype: J. de C. Sowerby, 1826, 
pl. 514, fig. 1. 

Material.—One moderately well preserved external 
mold in siltstone of the Ghost Creek Formation. 

Discussion.—As far as preservation permits com- 
parison, this specimen is similar to P. /amellosum which 
is common in circum-Mediterranean countries. This 
species has been synonymized with P. taylori by Bre- 
mer (1965), Wiedenmayer (1977), and Dommergues 
(1978). Dommergues considers the two species to be 
sexual dimorphs. 

Occurrence. —P. taylori is cosmopolitan and char- 
acteristic of the Raricostatum in the Sinemurian to as 
high as the Ibex zone in the Pliensbachian (Dom- 
mergues and Meister, 1990; Fantini Sestini, 1978). 

Locality. —108. 

Age.—Imlayi Zone (Early Pliensbachian). 


Family EODEROCERATIDAE Spath, 1929 


Genus PSEUDOSKIRROCERAS 
Wiedenmayer, 1980 


Type species. —Coeloceras mastodon Fucini, 1935, 
p. 166, pl. 40, figs. 3, 4, by original designation (Wie- 
denmayer, 1980, p. 172). 


Remarks. —Evolute, slowly expanding forms that can 
reach large shell diameters. The whorl section is com- 
pressed elliptical to rounded, and a row of tubercles is 
present, usually in the middle of the flank. Uniform 
secondary ribbing bifurcates from the tubercles and is 
sometimes accompanied by intercalated ribs. Wieden- 
mayer (1980) has noted that this genus which, as the 
name indicates, isa homeomorph of the Bajocian Skir- 
roceras, 1s Closely related to Miltoceras. 

Age and distribution.—A Tethyan genus that Wie- 
denmayer (1980) states is characteristic of the Davoei 
and Margaritatus zones in Europe. It also occurs in the 
Upper Sinemurian or basal Pliensbachian of Chile 
(Hillebrandt, 1981) and the lowest Pliensbachian of 
North America (Smith et a/., 1988). 


Pseudoskirroceras imlayi Smith and Tipper, 1988 
Plate 13, figures 1-4; Plate 14, figures 1-4; 
Plate 15, figure 1 


Description. —Large, evolute forms with a slightly 
compressed whorl section and a gently rounded venter. 
Primary ribs are strong and prorsiradiate, bearing tu- 
bercles just above the middle of the flank. Weaker 
secondary ribs arise in pairs or threes from the tuber- 
cles; some intercalated ribs are present. Within the 
sample there is some variability shown in the strength 
of the ornamentation but at shell diameters of ap- 
proximately 100 mm, ribbing weakens and the tuber- 
cles fade or disappear for approximately one half whorl 
followed by two or three coarse ribs (Pl. 13, fig. 2; PI. 
14, fig. 4). 

Type material. — Pseudoskirroceras imlayi Smith and 
Tipper in Smith et al., 1988, p. 1519, pl. 1, figs. 1-5; 
Holotype: GSC 87783; Paratypes: GSC 87784, 87785. 

Material.—Approximately 135 molds and _frag- 
ments preserved in mudstone and siltstone of the Ghost 
Creek Formation. 

Discussion. —A full discussion of this species was 
given by Smith and Tipper (in Smith et a/., 1988). This 
species was included in Pseudoskirroceras rather than 
the closely related Mi/toceras on grounds of: (1) its ev- 
olute, slowly expanding shell bearing regularly spaced 
ribs and tubercles, and (1i) its stratigraphic position 
which falls within the range of Pseudoskirroceras as 
known from elsewhere in the world. It should be noted, 
however, that the occurrence of Pseudoskirroceras and 
Miltoceras low in the Pliensbachian appears to be char- 
acteristic of the Americas. The ranges of the two genera 
in the Mediterranean area, where they are uncommon, 
overlap at a higher stratigraphic level within the Pliens- 
bachian (Davoei Zone). Further work is required to 
finely document this difference and to explore its phy- 
logenetic and biogeographic implications. 

Occurrence.—This species is characteristic of the 
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Imlayi Zone of western North America (Smith et a/., 
1988). 

Localities. —BT1, BO1, BO2, C01, ET1, E04, E07, 
E09, E16, GO1-03, 108-11. 

Age.—Imlayi Zone (Early Pliensbachian). 


Genus MILTOCERAS Wiedenmayer, 1980 


Type species. — Aegoceras sellae Gemmellaro, 1884, 
p. 179, pl. 3, figs. 1-5 by original designation (Wie- 
denmayer, 1980, p. 172). 

Remarks. — Miltoceras was created as a subgenus of 
Apoderoceras by Wiedenmayer (1980) and elevated to 
generic status by Hillebrandt (1981). It is characterized 
by coronate early whorls that quickly become com- 
pressed with subparallel flanks and an arched venter. 
The ribbing, which is often irregular, is characterized 
by dense prorsiradiate primary ribs with secondary ribs 
arising from tubercles on the upper half of the flank. 
The genus is similar to Pseudoskirroceras which differs 
by being more evolute, more slowly expanding and 
having more regular ribbing. 

Age and distribution. — A Tethyan genus ranging from 
the Jamesoni to the Davoei zones (Wiedenmayer, 
1980). In Chile and Argentina it is known from lowest 
Pliensbachian rocks (Riccardi, 1984; Hillebrandt, 1987, 
1990b) and in rocks of the same age in northern British 
Columbia (Thomson and Smith, 1992). 


Miltoceras aff. sellae (Gemmellaro, 1884) 
Plate 11, figures 4—6 


aff. Aegoceras sellae Gemmellaro, 1884, p. 179, pl. 3, figs. 1-5. 

non Coeloceras Sellae (Gemmellaro). Monestier, 1934, p. 101, pl. 
4, figs. 6, 7, 19, 20. 

Apoderoceras (Miltoceras) cf. sellae (Gemmellaro). Hillebrandt, 1987, 
pl. 1, figs. 12-14; Hillebrandt in Westermann, 1992, pl. 11, fig. 1. 


Description. —Moderately evolute form with a com- 
pressed whorl section and an arched, keel-less venter. 
The prorsiradiate primary ribs are gently flexuous and 
bear, sometimes at irregular intervals, small tubercles 
a little over half way to two thirds of the way up the 
flank. From the row of tubercles, two or three second- 
aries arise per primary mostly by intercalation, and 
flex forward onto the venter. Ribs become coarser and 
less densely spaced with growth. No septal suture lines 
can be seen and the material is too poorly preserved 
to make meaningful measurements. 

Type material. —Lectotype of Miltoceras sellae: 
Gemmellaro, 1884, pl. 3, figs. 1-2 (designated herein). 

Material.—Seventeen poorly preserved specimens 
in siltstone of the Ghost Creek Formation. 

Discussion.—As far as preservation permits com- 
parison, this material is identical to material from Chile 
described by Hillebrandt (1981, 1987) as Apoderoceras 


(Miltoceras) cf. sellae. It differs from this species main- 
ly in its less regular tuberculation. 

Occurrence. —In the Mediterranean area, this species 
and its varieties (Wiedenmayer, 1980) occur in beds 
that correlate approximately with the Jamesoni and 
Ibex zones (Gemmellaro, 1884; Rosenberg, 1909; Fu- 
cini, 1935; Du Dresnay, 1963). In South America, it 
occurs in the zone of “Apoderoceras and Eoderoceras” 
which marks the base of the Pliensbachian (Hille- 
brandt, 1987). This species might also be present in 
the Hall Formation of the Rossland area, southern 
British Columbia, amongst a poorly preserved fauna 
initially thought to be post-middle Bajocian in age 
(Frebold and Little, 1962) but subsequently assigned 
to the Pliensbachian by Tipper (1984). Amongst the 
forms initially assigned in that publication to Peris- 
phinctes? appear to be Miltoceras cf. sellae (Frebold 
and Little, 1962, pl. 4, figs. 1, 3 and 4); Metaderoceras 
sp. (Frebold and Little, 1962, pl. 4, fig. 2); and Gem- 
mellaroceras cf. alloplocum (Frebold and Little, 1962, 
pl. 4, fig. 5). 

Localities. —BT1,CT1,ET1, E09, El 1-14, G01-G03. 

Age.—Imlayi Zone (Early Pliensbachian). 


Genus DUBARICERAS 
Dommergues, Mouterde, and Rivas, 1984 


Type species.—Dubariceras dubari Dommergues, 
Mouterde, and Rivas (1984, p. 382, pl. 1). 

Remarks. —The characteristics of this genus and the 
taxonomic problems resulting from its convergence 
with certain polymorphitids have been discussed by 
Dommergues et a/. (1984) and Thomson and Smith 
(1992). Dubariceras is thought to have evolved from 
Metaderoceras. 

Age and distribution. — Dubariceras is characteristic 
of the western Mediterranean and the eastern Pacific. 
In Europe it is characteristic of beds correlative with 
the Ibex and Davoei zones; in North America it occurs 
in the Whiteavesi and Freboldi zones. 


Dubariceras freboldi 
Dommergues, Mouterde, and Rivas, 1984 
Plate 16, figures 1, 2; Text-figure 33e 


Uptonia dayiceroides Mouterde. Frebold, 1970, p. 438, pl. 1, fig. 9. 

Uptonia cf. U. dayiceroides Mouterde. Imlay, 1981, p. 36, pl. 9, figs. 
1-4, 8, 12-16. 

Uptonia cf. U. angusta (Oppel). Hillebrandt, 1981, p. 509, pl. 5, fig. 3. 

Dayiceras dayiceroides (Mouterde). Smith, 1983, p. 86, fig. 2a—-c. 

Dubariceras freboldi Dommergues, Mouterde, and Rivas, 1984, fig. 
3-A3; Smith, Tipper, Taylor and Guex, 1988, pl. 3, figs. 1-3; 
Thomson and Smith, 1992, p. 27, pl. 11, figs. 1-7. 

Dayiceras? sp. Hillebrandt, 1987, pl. 2, figs. 11, 12. 

Dubariceras cf. freboldi Dommergues, Mouterde, and Rivas. Hille- 
brandt, 1990a, fig. 4.10, 24.11. 
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Description. —Evolute with a compressed whorl sec- 
tion and a flat to gently arched venter that has no keel. 
The umbilical wall is low and steep, the umbilical 
shoulder abruptly rounded, the flanks flat and the ven- 
tro-lateral shoulder abruptly rounded. 

Ribs are densely spaced, rursiradiate on the umbil- 
ical wall, and rectiradiate to gently prorsiradiate on the 
flanks. Ribs terminate at the ventro-lateral shoulder 
with small, elongate tubercles. 

Type material. — Holotype: Frebold, 1970, pl. 1, fig. 9. 

Material. — Approximately 190 specimens, many of 
them fragments, preserved in siltstone and calcareous 
sandstone. Primarily from the Rennell Junction Mem- 
ber of the Fannin Formation with some occurrences 
in the Fannin sandstone and rare occurrences in the 
Ghost Creek Formation. 

Discussion. — Full descriptions and discussions of the 
taxonomic position of this widespread and biostrati- 
graphically useful species have been published by Fre- 
bold (1970), Imlay (1981), Smith (1983), Thomson and 
Smith (1992), and Dommergues et al. (1984). 

Occurrence. —D. freboldi is endemic to the eastern 
Pacific where it occurs from Argentina and Chile in 
the south (Hillebrandt, 1981, 1990) as far north as 
southern Alaska (Imlay, 1981). In South America the 
species occurs in the Meridianus Zone, in North Amer- 
ica in the Freboldi Zone, intervals that correlate in part 
with the Ibex and Davoei zones of the Northwest Eu- 
ropean zonation. There is one locality in the Queen 
Charlotte Islands (FO6) where the uppermost part of 
the range of Dubariceras freboldi overlaps with the 
lowermost part of the range of Fanninoceras sp. so that 
the two forms occur in the same bed. These genera are 
normally mutually exclusive and a total of only three 
such overlapping occurrences is known in North 
America (Smith ef a/., 1988). At all three of these lo- 
calities (F06 in the Queen Charlotte Islands; the Taseko 
Lakes area, British Columbia; the Hurwal Formation, 
northwestern Oregon) D. freboldi is common or abun- 
dant and Fanninoceras (F. fannini and F. sp.) is rare 
and condensing cannot be ruled out. D. freboldi will 
only be considered as ranging into the Kunae Zone 
when there is significant stratigraphic overlap dem- 
onstrated between D. freboldi and an assemblage of 
Fanninoceras spp. and hildoceratids which normally 
characterizes the Kunae Zone. 

Localities. —A12, A13, C03, D13-15, D18, ET], 
ET3, E42-49, FT1, FOS, F06, GT2, GT3, G10, G11, 
LOT 1O72 LS: 

Age. —Freboldi Zone (Early Pliensbachian). 


Dubariceras silviesi (Hertlein, 1925) 
Plate 15, figures 3, 4 


Uptonia silviesi Hertlein, 1925, p. 39, pl. 3, figs. 1, 2, 5. 


Crucilobiceras cf. C. submuticum (Oppel). Imlay, 1981, p. 33, pl. 7, 
figs. 1-3. 

Uptonia cf. U. obsoleta (Simpson). Hillebrandt, 1981, p. 509, pl. 5, 
figs. 1, 2, 5; 1987, pl. 2, figs. 1, 5. 

Dubariceras silviesi (Hertlein). Smith, Tipper, Taylor and Guex, 1988, 
pl. 2, fig. 5; Smith and Tipper, 1988, pl. 1, fig. 6; Thomson and 
Smith, 1992, p. 29, pl. 10, fig. 2-5. 

Dubariceras cf. silviesi (Hertlein). Hillebrandt, in Westermann, 1992, 
pl. 11, fig. 5. 


Description.—Evolute shell with a subrectangular 
whorl section. Ribs are simple, straight to slightly sin- 
uous, and prorsiradiate; they terminate at the ventro- 
lateral shoulder in prominent tubercles. The venter is 
featureless except at large shell diameters where the 
ribs project onto the venter to form chevrons. 

Type material. — Holotype: Hertlein, 1925, pl. 3, figs. 
eo 

Material.—Seventeen specimens in siltstone and 
calcareous sandstone of the Ghost Creek Formation 
and Rennell Junction Member. 

Discussion. —The holotype of this species from Or- 
egon reaches a large size (whorl height in excess of 45 
mm) and comparable sizes are reached in the Queen 
Charlotte Islands although only whorl fragments have 
been collected. The species appears to have affinities 
with both Metaderoceras and Dubariceras as discussed 
by Thomson and Smith (1992). It differs from D. fre- 
boldi which ranges stratigraphically higher, by its less 
dense ribbing. 

Occurrence. —D. silviesi is restricted to the eastern 
Pacific where it is characteristic of the Whiteavesi and 
lower Freboldi zones in North America (Smith et al., 
1988) and the Meridianus Zone in South America (Hil- 
lebrandt, 1987, 1990) which correlate approximately 
with parts of the Ibex and Davoei zones of the Euro- 
pean zonation. 

Localities. —B04, E40, FT1, GT1, GT3, 101, 102, 
107. 

Age. —Whiteavesi and Freboldi zones (Early Pliens- 
bachian). 


Genus METADEROCERAS Spath, 1925 


Type species. —Ammonites muticus d’Orbigny, 1844, 
p. 274, pl. 8, by original designation (Spath, 1925, p. 
363). 

Remarks. — Problems concerning the interpretation 
of this genus and the related genera Crucilobiceras and 
Eoderoceras are discussed by Thomson and Smith 
(1992). 

Age and distribution. — Metaderoceras is widely dis- 
tributed in the circum-Mediterranean region and the 
eastern Pacific. It occurs in the Jamesoni and Ibex zone 
equivalents in Europe and in the Imlayi to basal Kunae 
zone in western North America (COolera et a/., 1978; 
Mouterde, 1970; Rivas, 1983; Smith et a/., 1988). In 
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South America it is reported from the Meridianus Zone 
which correlates in part with the Ibex and Davoei stan- 
dard zones (Hillebrandt, 1981, 1987, 1990). 

Metaderoceras evolutum is the earliest species of Me- 
taderoceras in the Queen Charlotte Islands. In the Whi- 
teavesi Zone it is joined by several other species of 
Metaderoceras which are generally more coarsely and 
more densely ribbed and which may have given rise 
to Dubariceras. This coarse ribbed group also includes 
the stout-whorled, strongly tuberculate M/. mouterdei 
and related forms which are reminiscent of the circum- 
Mediterranean M. venarense group that Dommergues 
and Mouterde (1982) interpret to be the root-stock of 
the Dactylioceratidae in the Ibex Zone. 


Metaderoceras evolutum (Fucini, 1924) 
Plate 16, figures 3-5, 7; Plate 18, figure 1; 
Text-figures 33b, 34a 


Deroceras evolutum Fucini, 1924, p. 50, pl. 5, fig. 14. 

Crucilobiceras aff. evolutum (Fucini). Du Dresnay, 1963, p. 147, pl. 
2, figs. 2, 3. 

Crucilobiceras pacificum Frebold, 1970, p. 435, pl. 1, figs. 4-8. 

Crucilobiceras evolutum brutum Wiedenmayer, 1977, p. 59, pl. 13, 
figs. 1, 2. 

Crucilobiceras evolutum evolutum (Fucini). Wiedenmayer, 1977, p. 
59, pl. 13, fig. 3; 1980, p. 48, pl. 1, figs. 3, 4. 

Metaderoceras evolutum (Fucini). Dubar and Mouterde, 1978, p. 44, 
pl. 2, fig. 1; Rivas, 1983, p. 395, pl. 1, figs. 1-8; Smith, Tipper, 
Taylor and Guex, 1988, pl. 1, fig. 11; Thomson and Smith, 1992, 
p. 22, pl. 9, figs. 5-6. 

Metaderoceras evolutum brutum (Fucini). Colera, Rivas, Sequeiros 
and Valenzuela, 1978, p. 311, pl. 1, figs. 3, 4. 

Crucilobiceras cf. pacificum Frebold. Imlay, 1981, p. 35, pl. 8, figs. 
10-12, 15-17. 


Description. —Shell evolute and slowly expanding. 
Whorl section usually compressed, subquadrate with 
alow umbilical wall, weakly convex flanks and a slight- 
ly convex or flat venter. 

Ribs are rectiradiate to gently prorsiradiate and of 
low relief compared to other species of Metaderoceras. 
Two or three ribs merge into a large tubercle which is 
the base of a long spine. At large shell diameters (PI. 
18, fig. 1), ribs tend to become weakly rursiradate and 
terminate in individual spines rather than merging. 
Fine, irregular, radial lirae are evident throughout on- 
togeny. 

Type material. — Holotype: Fucini, 1924, pl. 5, fig. 
14, 

Material. —Seventy-three specimens in siltstone and 
calcareous sandstone of the Ghost Creek Formation 
and Rennell Junction Member. 

Discussion. —This variable species is discussed by 
Rivas (1983) and Thomson and Smith (1992). 

Occurrence.—M. evolutum is common in the cir- 
cum-Mediterranean region and western North Amer- 


(). 
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Text-figure 33.— Whorl shape cross-sections for species of the Eod- 
eroceratidae. Figures are natural size. a. Metaderoceras talkeetnaense 
Thomson and Smith, 1992 (GSC 98703); b. Metaderoceras evolutum 
(Fucini, 1921) (GSC 95576); c. Metaderoceras sp. (GSC 98702); d. 
Metaderoceras? aff. mouterdei (Frebold, 1970) (GSC 87797); e. Du- 
bariceras freboldi (Dommergues et al., 1984) (GSC 98686). 


ica (Wiedenmayer, 1980; Rivas, 1983; Thomson and 
Smith, 1992). 

Localities. —A03, AO5, BT1, D03, DO5, DO7-D10, 
ET1, BT3, E06) ElS.E25, E27, E30) GilaGo0osl0s 
116. 

Age.—Imlayi and Whiteavesi zones (Early Pliens- 
bachian). 


Metaderoceras mouterdei (Frebold, 1970) 
Plate 19, figure 3 


Crucilobiceras mouterdei Frebold, 1970, p. 437, pl. 1, fig. 2. 

non Metaderoceras mouterdei (Frebold). Smith, Tipper, Taylor, and 
Guex, 1988, pl. 3, figs. 9, 10; Smith and Tipper, 1988, pl. 1, fig. 
8 (see M.? aff. mouterdei). 


Description.—An evolute, slowly expanding form 
with flanks that diverge weakly towards the slightly 
arched venter. Ribs are simple, gently prorsiradiate 
and terminate at the ventro-lateral shoulder in stout 
tubercles. The venter is unornamented. Rib frequency 
decreases with growth up to umbilical diameters of 
25-30 mm. 

Type material.— Holotype: Frebold, 1970, pl. 1, fig. 2: 
GSC 20337. 

Material. —Eight specimens in sandstone of the Ren- 
nell Junction Member. 

Discussion. —M. mouterdei is similar to M. venar- 
ense (Oppel), one of the highest ranging (Ibex Zone) 
species of Metaderoceras in southern Europe (Frebold, 
1970; Dommergues and Mouterde, 1982). It differs, 
however, in its slightly narrower whorl section and in 
its ribbing which changes style and frequency during 
ontogeny. 

Occurrence. —M. mouterdei is restricted to the Whi- 
teavesi Zone of British Columbia. The similar M. ven- 
arense is known from the Ibex Zone of the Tethyan 
area particularly southern France and Portugal (Mou- 
terde, 1970; Meister, 1986). 

Localities. —ET1, E40, FO2, GT3, GO9, I02. 

Age. —Whiteavesi Zone (Early Pliensbachian). 
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Metaderoceras? aff. mouterdei (Frebold, 1970) 
Plate 16, figure 6; Plate 19, figure 4; 
Text-figures 33d, 34b 


aff. Crucilobiceras mouterdei Frebold, 1970, p. 437, pl. 1, fig. 2. 

Apoderoceras cf. A. subtriangulare (Young and Bird). Imlay, 1981, 
p. 35, pl. 8, figs. 14, 18-23. 

Metaderoceras mouterdei (Frebold). Smith, Tipper, Taylor, and Guex, 
1988, pl. 3, figs. 9, 10; Smith and Tipper, 1988, pl. 1, fig. 8. 

Metaderoceras cf. M. mouterdei (Frebold). Thomson and Smith, 
1992, p. 23, pl. 9, figs. 1-4; pl. 10, fig. 1. 


Description. —Evolute forms with whorl flanks di- 
verging towards the venter which is characteristically 
broad. The innermost whorls are densely ribbed but 
the decrease in frequency and coarsening of the ribbing 
is typically underway at umbilical diameters less than 
10 mm. The ribs strengthen ventrally and terminate 
in large tubercles which are the bases of robust spines. 
Ribs are rectiradiate to gently prorsiradiate and may 
be locally irregular or weakly sinuous at large shell 
diameters (Pl. 19, fig. 4). 

Material.—Twelve specimens in sandstone and silt- 
stone of the Fannin Formation. 

Discussion.—This is the stratigraphically highest 
ranging, and amongst the most strongly ornamented 
species of Metaderoceras yet described in North Amer- 
ica. We previously included this form in M. mouterdei 
with which it has morphological similarities (Smith et 
al., 1988; Thomson and Smith, 1992). It is difficult, 
however, to demonstrate that 4. mouterdei and M.? 
aff. mouterdei represent variants, particularly as there 
is a discrepancy in stratigraphic range. In fact the ex- 
ceptionally broad, Eoderoceras-like venter of M.? aff. 
mouterdei makes it difficult to unequivocally accom- 
modate this form in the genus Metaderoceras. Eod- 
eroceras-like forms are known in the eastern Pacific 
but they characterize the lowest Pliensbachian (Hille- 
brandt, 1981, 1987). 

Occurrence. — This form is apparently indigenous to 
North America where it characterizes the Whiteavesi 
to basal Kunae zones. 

Localities. —C03, C05, ET3, E38. 

Age. —Whiteavesi to Kunae Zone (Pliensbachian). 


Metaderoceras talkeetnaense 
Thomson and Smith, 1992 
Plate 17, figures 2, 3; Text-figures 33a, 34c 


Crucilobiceras cf. C. muticum (d’Orbigny). Imlay, 1981, p. 35, pl. 
7, figs. 6-10, 12-15. 

Uptonia cf. ignota (Simpson). Hillebrandt, 1987, pl. 2, figs. 2-4. 

Metaderoceras aff. muticum (d’Orbigny). Smith, Tipper, Taylor, and 
Guex, 1988, pl. 2, figs. 7-9. 

Metaderoceras talkeetnaense Thomson and Smith, 1992, p. 20, pl. 
6, fig. 1; pl. 7, figs. 1-5. 


Description. —Evolute with a quadrate to com- 
pressed to subquadrate whorl section. The ornamen- 


A 


Text-figure 34.—Traces of the septal suture for species of the Eod- 
eroceratidae at whorl heights (WH) indicated. a. Metaderoceras ev- 
olutum (Fucini, 1921) (GSC 98689, WH = 5.8 mm); b. Metadero- 
ceras? aff. mouterdei Frebold, 1970 (GSC 87797, WH = 10.8 mm); 
c. Metaderoceras talkeetnaense Thomson and Smith, 1992 (GSC 
98703, WH = 7.7 mm). 


tation consists of simple ribs that terminate in tubercles 
at the ventro-lateral shoulder. Ribbing is sharp on the 
innermost whorls becoming coarser with growth. Rib 
frequencies range from 15 ribs per half whorl up to 20 
on outer whorls. 

Type material. — Holotype: Imlay, 1981, pl. 7, figs. 
12, 13. Paratypes: Imlay, 1981, pl. 7, figs. 6-10, 14, 
15s 

Material. — Fifty-two specimens in siltstone, mud- 
stone and sandstone of the Ghost Creek and Fannin 
formations. 

Discussion. —Compared with M. talkeetnaense, M. 
mouterdei is more evolute, has a somewhat more com- 
pressed whorl section, and stronger, less densely spaced 
ribs which tend to be less prorsiradiate. M.? aff. mou- 
terdei has a much broader venter and is more coarsely 
and less densely ribbed throughout. 4. evolutum is 
more evolute, has a more compressed whorl section, 
and commonly has two or three ribs merging into a 
tubercle whereas M. talkeetnaense has separate ribs 
which always terminate in a tubercle. 

The species Acanthopleuroceras sutherlandbrowni 
was established by Frebold (1970) based on a mod- 
erately well preserved holotype from Maude Island 
together with some unfigured, poorly preserved exter- 
nal molds from elsewhere which Frebold states (1970, 
p. 440) did not contribute to the original description. 
Frebold indicated the presence of a roof-like venter 
bearing a blunt low keel. The outer half whorl of the 
holotype is non-septate and has collapsed during sed- 
iment compaction causing the venter to arch. Exam- 
ination of earlier, septate whorls shows that the whorl 
section is compressed but the venter is nevertheless 
much broader than in the outer half whorl and is gently 
convex rather than “‘roof-like”. A keel is not evident 
on any of the whorls. The assignment of Frebold’s 
species to the genus Acanthopleuroceras is therefore 
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not appropriate. It may be related to Metaderoceras 
talkeetnaense because it has similar volution and or- 
namentation although the whorl shape is more com- 
pressed, the expansion rate somewhat higher, and the 
costation sharper than is usually the case for this spe- 
cies. It may be a variant of M. talkeetnaense but more 
and better preserved material is needed before the issue 
can be resolved; should it prove to be the case, the 
name sutherlandbrowni would have priority. 

Occurrence. —M. talkeetnaense is known from the 
Whiteavesi and Freboldi zones of Alaska, British Co- 
lumbia, and Oregon (Imlay, 1981; Smith ef a/., 1988; 
Thomson and Smith, 1992). It has also been collected 
from the Meridianus Zone in Argentina (Hillebrandt, 
1987, 1990a). 

Localities. —A11, C03, D16-18, ET1, ET2, E28, E35, 
E38, E40, E42, FT1, FO2, GT1-3, G06-09, H10-12, 
102; 107,115: 

Age. —Whiteavesi and Freboldi zones (Early Pliens- 
bachian). 


Metaderoceras sp. 
Plate 17, figure 1; Text-figure 33c 


Metaderoceras sp. 1, nov. Colera, Rivas, Sequeiros, and Valenzuela, 
1978, p. 311, pl. 1, fig. 1. 


Description. —Large, extremely evolute, slowly ex- 
panding form. The umbilical wall is low and steep, the 
flanks flat and the venter broad and weakly arched 
producing a subquadrate whorl section. The ribs are 
strong, rectiradiate to gently prorsiradiate and termi- 
nate ventrally in tubercles that are weakly elongated 
in a spiral direction. The tubercles are situated at the 
angular ventro-lateral shoulder; the venter is feature- 
less. The figured specimen is large and completely sep- 
tate. Although the specimen is somewhat corroded, the 
septal suture is fairly simple. 

Material. —Two poorly preserved specimens in 
coarse, calcareous sandstone occurring within the Ghost 
Creek Formation. 

Discussion.—As far as preservation permits com- 
parison, this form is identical to a new but unnamed 
species of Metaderoceras collected in Zaragoza Prov- 
ince, Spain (Colera et a/., 1978). Unfortunately there 
is not enough well preserved material either in Spain 
or North America to formalize a species name. In the 
Queen Charlotte Islands this rare species is distinguish- 
able from the other species of Metaderoceras by its 
extremely evolute, slowly expanding and densely ribbed 
shell. 

Occurrence. —The Spanish material originates from 
the upper part of the Ibex Zone. Although not in place, 
both of the Queen Charlotte Island specimens were 
collected some distance below localities yielding acan- 
thopleuroceratids characteristic of Ibex Zone correla- 


tives. They were associatated with both in place and 
ex situ specimens indicating the Imlayi Zone. 
Locality. —BT1. 
Age. — Probably Imlayi Zone (Early Pliensbachian). 


Family DACTYLIOCERATIDAE Hyatt, 1867 
Genus REYNESOCERAS Spath, 1936 


Aveyroniceras Pinna and Levi-Setti, 1971, p. 64. 
Bettoniceras Wiedenmayer, 1977, p. 80. 


Type species. — Ammonites ragazzonii Hauer, 1861, 
p. 415, pl. 1, figs. 16, 17, by original designation (Spath, 
1936, p. 444). 

Remarks.—The tuberculate innermost whorls are 
Coeloceras-like, whereas the outer whorls are non-tu- 
berculate and rounded in section. Whorls may egress 
and ribbing become irregular in microconchs. Avey- 
roniceras is included in this genus because the type 
species of Aveyroniceras and Reynesoceras constitute 
a macroconch-microconch pair as argued by Fantini 
Sestini (1975), Braga (1983), and Meister (1989). 

Age and distribution.—A Tethyan form ranging 
through beds that correlate with the Davoei and Mar- 
garitatus zones. 


Reynesoceras colubriforme (Bettoni, 1900) 
Plate 17, figures 4, 5; Text-figure 35b 


Coeloceras colubriforme Bettoni, 1900, p. 75, pl. 7, fig. 10; Fucini, 
1905, p. 294, pl. 47, figs. 13, 14; Parisch and Viale, 1906, p. 161, 
pl. 9, figs. 5-8. 

Reynesoceras aff. fallax (Fucini). Du Dresnay, 1963, p. 151, pl. 2, 
fig. 1. 

Prodactylioceras cf. colubriforme (Bettoni). Pinna, 1966, p. 348, pl. 
10, fig. 6. 

Prodactylioceras colubriforme (Bettoni). Fischer, 1971, p. 112, pl. 2, 
fig. 10; Cantaluppi and Montanari, 1971, p. 65, pl. 12, fig. 2. 
Indunoceras (Bettoniceras) colubriforme (Bettoni). Wiedenmayer, 

1977, p. 81, pl. 16, figs. 8-10. 

Reynesocoeloceras (Bettoniceras) cf. colubriforme (Bettoni). Hille- 
brandt, 1981, pl. 7, fig. 9. 

Aveyroniceras colubriforme (Bettoni). Smith and Tipper, 1986, fig. 
2.6; Smith, Tipper, Taylor, and Guex, 1988, pl. 3, figs. 5, 6. 


Description. —An evolute form that has a depressed 
nucleus and a broadly rounded venter to umbilical 
diameters of approximately 7 mm. At this point the 
prorsiradiate, tuberculate ribs are replaced by more 
densely spaced, sharper ribs that are non-tuberculate, 
and the whorl section becomes rounded and less de- 
pressed. 

Type material. — Holotype: Bettoni, 1900, pl. 7, fig. 
10. Neotype: Wiedenmayer, 1977, p. 81, pl. 16, fig. 8- 
10. 

Material.—Twenty specimens in calcareous, fine 
grained sandstone of the Fannin Formation. 

Measurements. —See Table 22. 

Discussion.—This species differs from R. acan- 
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Table 22.—Measurements of Reynescoceras colubriforme (Bettoni, 1900). All measurements are in mm. 


specimen no. DMAX D UD U ww WWD WH WHD WWWH PRHW 

GSC 87796 50 44 23 52.3 142 32.3 13.2 30 107.1 32 
= = 15 = = = = = = ©29 
= = 8 == = = = = 12 

GSC 98595 = 25 12 48 9.5 38 2 28.8 131.9 23 
= = 5.5 = = = = = 2 14 


thoides (Reynés, 1868) by the narrower venter of its 
early whorls, its less rounded whorl sections in later 
whorls and its ribbing which is very regular, not quite 
as dense, and stronger. 

Occurrence. — Reynesoceras colubriforme is a Tethy- 
an species known from Italy (Wiedenmayer, 1977), 
Morocco (Du Dresnay, 1963), South America (Hille- 
brandt, 1981), and Nevada (Smith and Tipper, 1986). 
The species possibly arises in the Ibex Zone (Fischer, 
1971) but is common in the Davoei and Margaritatus 
zones. 

Localities. —D21, E57, 107, 114. 

Age. —Freboldi and Kunae zones (Pliensbachian). 


Reynesoceras aff. colubriforme (Bettoni, 1900) 
Plate 18, figure 2 


Description.—A non-septate whorl fragment from 
an evolute ammonite with a subrounded, depressed 
whorl section (WWWH<=cl1 18). Ribs are wiry, densely 
spaced and show asymmetry. On one side of the frag- 
ment ribs are simple; on the opposite side ribs coalesce 
at intervals to form radially elongate tubercles posi- 
tioned near the middle of the flank. 

Material. —One internal mold from the Fannin For- 
mation. 

Discussion. —This specimen differs from R. colubri- 
forme only in the presence of radially elongate swellings 
which might be pathologic considering their asym- 
metry. 

Locality. —E57. 

Age. —Kunae Zone (Late Pliensbachian). 


Reynesoceras italicum (Fucini, 1901) 
Plate 18, figure 3 


Coeloceras italicum Meneghini in Fucini, 1901a, p. 98, pl. 13, fig. 4. 

Coeloceras italicum Meneghini. Fucini, 1905, p. 287, pl. 46, figs. 
11-14. 

Coeloceras cf. italicum Meneghini. Schréder, 1927, p. 98, pl. 4, fig. 
10. 

non Prodactylioceras cf. P. italicum (Meneghini). Imlay, 1968, p. 28, 
pl. 2, figs. 14-16. 

Prodactylioceras italicum (Fucini). Fischer, 1971, p. 111, p. 2, fig. 
12; Dommergues, Ferretti, Géczy, and Mouterde, 1983, p. 482, 
pl. 7, figs. 7-12. 

Prodactylioceras italicum fucinii Fischer, 1971, p. 111, pl. 2, figs. 8, 
11. 


Aveyroniceras italicum (Meneghini). Pinna and Levi-Setti, 1971, p. 
66, pl. 1, fig. 10 only. 

P. (Aveyroniceras) italicum (Meneghini in Fucini). Géczy, 1976, p. 
145, pl. 25, figs. 8, 9; pl. 26, figs. 1-4. 

P. (Aveyroniceras) italicum fucinii Fischer. Géczy, 1976, p. 147, pl. 
26, figs. 5, 6. 

Aveyroniceras cf. italicum (Meneghini). Dubar and Mouterde, 1978, 
p. 54, pl. 3, fig. 2. 

Bettoniceras italicum (Fucini). Wiedenmayer, 1980, p. 57, pl. 5, figs. 
9, 10. 

Prodactylioceras italicum italicum (Fucini). Imlay, 1981, p. 38, pl. 
10, fig. 3. 

Reynesoceras italicum (Fucini). Braga, 1983, p. 323, pl. 16, fig. 4. 


Description.—An evolute, slowly expanding form 
with a rounded whorl section. Ribs are simple, sharp 
and densely spaced, reaching densities of 50 to 60 per 
half whorl. The small nucleus is tuberculate and dense- 
ly ribbed. 

Type material. — Holotype: a museum specimen la- 
belled with its new name by Meneghini but not pub- 
lished until the work of Fucini (1901a, pl. 13, fig. 4). 

Material. —Five specimens preserved in dark shale, 
siltstone and fine sandstone of the Rennell Junction 
Member and upper Fannin Formation sandstones. 

Occurrence. —A species that is widespread in the cir- 
cum-Mediterranean area where it is found in beds that 
correlate with the Davoei and Margaritatus zones. In 
the North Pacific it is known in Alaska (Imlay, 1981); 
Oregon (Smith, 1981), possibly the Yukon (Frebold, 
1970, pl. 4, fig. 1), and Japan (Hirano, 1971). 

Localities. —A13, 105, 106. 

Age. —Freboldi and Kunae zones (Pliensbachian). 


Reynesoceras ragazzonii (Hauer, 1861) 
Plate 18, figures 6, 7; Text-figure 35d 


Ammonites Ragazzonii Hauer, 1861, p. 145, pl. 1, figs. 16, 17. 

Coeloceras Ragazzonii Hauer. Fucini, 1901a, p. 92, pl. 13, figs. 6, 
7: Bettoni, 1900, p. 73, pl. 7, figs. 4-7; pl. 8, figs. 15-17; pl. 9, fig. 
11; Fucini, 1908a, p. 94, pl. 1, fig. 25; Monestier, 1934, p. 93, pl. 
6, figs. 13, 15-17, 19 and 24 only; Fucini, 1935, p. 167, pl. 38, 
fig. 7. 

Coeloceras sub-anguinum Meneghini. Del Campana, 1900, p. 629, 
pl. 8, fig. 43 only. 

Reynesoceras cf. ragazzonii (Hauer). Cantaluppi, 1966, p. 155, pl. 
17, fig. 7. 

Reynesoceras ragazzonii (Hauer). Cantaluppi and Brambilla, 1968, 
p. 294, pl. 26, fig. 11; Cantaluppi and Savi, 1968, p. 229, pl. 19, 
figs. 7, 8; Elmi, Atrops, and Mangold, 1974, p. 28, pl. 1, fig. 7; 
Fantini Sestini, 1975, p. 463, pl. 52, figs. 1-4, 6, 8; Wiedenmayer, 
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Table 23.—Measurements of Reynesoceras ragazzonii (Hauer, 1861). All measurements are in mm. 


specimen no. DMAX DPHRAG D UD U 

GSC 98714 c24.7 - c24.7 c12.3 49.8 
— = c18.5 c8 43.23 

GSC 87800 27 C22 27 14 51.9 
= = 22 9.8 44.5 
= = a 7 ae 


1977, p. 82, pl. 16, figs. 13, 14; Wiedenmayer, 1980, p. 61, pl. 6, 
figs. 1-6; Braga, 1983, p. 328, pl. 16, figs. 10-14; Meister, 1989, 
p) 35; pli 5; ‘figs: 23.6; 7. 

Reynesoceras cf. ragazzonii (Hauer). Imlay, 1968, p. C28, pl. 1, figs. 
22-28 only. 

Reynesoceras cf. aegrum (Fucini). Imlay, 1968, p. C28, pl. 1, figs. 
20-21. 


Description. —A midvolute form that egresses at um- 
bilical diameters of 8-10 mm at which point the whorl 
shape becomes rounded and less depressed. Sutures 
are unclear but specimen GSC 87800 appears to have 
an incomplete body chamber approaching one whorl 
in length. Ribs are simple, densely spaced, and pror- 
siradiate on the flank. Ribbing becomes less dense or 
is interrupted by constrictions on the outer whorl. On 
the inner whorls there are small tubercles at the ventro- 
lateral shoulder. 

Type material. —Lectotype: Hauer, 1861, pl. 1, figs. 
16-17 designated by Wiedenmayer (1977, p. 82). 

Material. —Four specimens preserved in sandstone 
of the Fannin Formation. 

Measurements. —See Table 23. 

Discussion. — This is a microconchiate form that has 
been paired with the species Aveyroniceras acanthoides 
(Braga, 1983; Meister, 1989), a species not yet recog- 
nized in the Queen Charlotte Islands. 

Occurrence.—This is a Tethyan species character- 
istic of the circum-Mediterranean countries where it 
is found in the Algovianum Zone of Spain and Mar- 
garitatus Zone correlatives elsewhere. 

Localities. —DT1, 106. 

Age. —Kunae Zone (Late Pliensbachian). 


Reynesoceras sp. 
Plate 18, figure 5 


Description. —Evolute with a subrounded, depressed 
whorl section (WWWH<=cl1 10). The inner whorls on 
the figured specimen are only moderately well pre- 
served but appear to be coronate. The outermost whorl 
fragment is non-septate. Ribs are simple, strong and 
prorsiradiate. 

Material.—Two fragments of internal molds from 
the upper Fannin Formation. 

Discussion. —These specimens are characterized by 
the coarseness of their ribbing and a relatively narrow 


ww WWD WH WHD WWWH PRHW 
c9.8 39.7 c7 28.3 140 22 

c10.6 57.3 c5.6 30.3 189 21 
10 37 Td 26.3 141 18 
10.7 48.6 6.7 30.5 160 19 
10.2 — 5 - 204 19 


whorl section, a combination not normally seen in the 
more coarsely ribbed species of Reynesoceras such as 
R. indunense. They could either represent a new species 
or be coarsely ribbed variants of R. colubriforme which 
also occurs at locality E57. 

Locality. —E57, FT2. 

Age. —Kunae Zone (Late Pliensbachian). 


Reynesoceras? sp. 
Plate 18, figure 4 


Description. —An evolute, slowly expanding speci- 
men with gently rounded flanks. The ribs, which have 
densities of approximately 15 per half whorl, are wiry 
and prorsiradiate. Just beneath the umbilical seam sev- 
eral of the ribs bifurcate. The venter is not visible. 

Material. —One slightly distorted internal mold pre- 
served in dark siltstone interlaminated with green 
sandstone of the upper Fannin Formation. 

Discussion. — This specimen was not in place but was 
associated with other ammonites and is in rock lith- 
ologically similar to the Kunae Zone outcrop adjacent 
to where it was found. The presence of bifurcating ribs 
sets it apart from all other dactylioceratids found at 
this level. Bifurcating ribs are normally associated with 
Dactylioceras of the Toarcian. Wiedenmayer (1980, 
Ayeyroniceras striatum), Imlay (1968, Dactylioceras cf. 
kanense, Reynesoceras cf. ragazzonii), and Hirano 
(1973, Dactylioceras helianthoides) report Pliensba- 
chian dactylioceratids with this feature but the Queen 
Charlotte Islands specimen appears to be most similar 
to two specimens of Dactylioceras? sp. reported by Bra- 
ga (1983) from the Algovianum Zone (equivalent to 


Cc £) 
Text-figure 35.— Whorl shape cross-sections for species of the Dac- 
tylioceratidae. Figures are natural size. a,c. Reynescoeloceras mor- 
tilleti (Meneghini, 1875) (a. GSC 98673, c. GSC 98675); b. Reyne- 


soceras colubriforme (Bettoni, 1900) (GSC 87796); d. Reynesoceras 
ragazzonii (Hauer, 1861) (GSC 87800). 
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the upper Margaritatus to lower Spinatum Zone) of 
southern Spain. The Spanish material appears to have 
flatter flanks and finer ornamentation, however. 
Locality. —ET4. 
Age.—Kunae Zone (Late Pliensbachian). 


Genus REYNESOCOELOCERAS Géczy, 1976 


Indunoceras Wiedenmayer, 1977, p. 75. 
Cetonoceras Wiedenmayer, 1977, p. 79. 


Type species. —Ammonites (Stephanoceras) crassus 
Young and Bird var. indunensis Meneghini (Menegh- 
ini, 1881, p. 72, pl. 16, fig. 4), by original designation 
(Géczy, 1976, p. 123). 

Remarks. —Internal whorls are cadiconic and tu- 
berculate with tri- or bifurcating ribs and this stage 
persists to large shell diameters compared with Rey- 
nesoceras. The outer whorls are serpenticonic with 
simple, non-tuberculate ribs. A full discussion of this 
genus is given by Géczy (1976, p. 123) and Wieden- 
mayer (1977, p. 75). 

Age and distribution.—Restricted to the Tethyan 
Realm and ranging from the Jamesoni to the Margar- 
itatus Zone, with most occurrences in the Davoei Zone. 
Reports of Sinemurian occurrences (Fischer, 1971; 
Wiedenmayer, 1977) were based on a misinterpreta- 
tion of the biostratigraphy at Monte Cetona in Italy 
(Wiedenmayer, written commun., 1982). 


Reynesocoeloceras cf. incertum (Fucini, 1905) 
Plate 12, figure 1 


cf. Coeloceras incertum Fucini, 1905, p. 312, pl. 51, figs. 4-7. 

cf. Coeloceras (Coeloceras) incertum incertum Fucini. Fischer, 1971, 
p. 110, fig. 5j. 

cf. Coeloceras (Reynesocoeloceras) incertum Fucini. Géczy, 1976, p. 
131, pl. 23, figs. 4, 5S. 

cf. Crucilobiceras dolosum Wiedenmayer, 1977, p. 60, pl. 13, figs. 
4,5. 

cf. Reynesocoeloceras sp. gr. incertum (Fucini). Dommergues, Fer- 
retti, Géczy, and Mouterde, 1983, p. 475, pl. 1, figs. 23-26. 

Reynesocoeloceras cf. incertum (Fucini). Thomson and Smith, 1992, 
p. 30, pl. 12, fig. 6. 


Description.—An evolute, slowly expanding form 
with a depressed whorl section and an arched venter. 
Densely spaced, prorsiradiate primary ribs terminate 
at the ventro-lateral shoulder in sharp tubercles from 
which two strong secondary ribs arise. A fragment of 
the last part of the outermost whorl (Pl. 12, fig. 1b) 
shows that the ribs have become stronger and simple, 
and the whorl section more rounded. 

Type material. —Fucini, 1905, pl. 51, figs. 4-7, Text- 
figure 131. 

Material. —One specimen preserved in fine grained 
sandstone of the Rennell Junction Member. 

Occurrence.—R. incertum is a circum-Mediterra- 


nean form found in Hungary (Géczy, 1976), Italy (Fu- 
cini, 1905), and France (Dommergues et a/., 1983), 
where it characterizes the Davoei Zone. In North 
America it has been reported from the Freboldi Zone 
of north-central British Columbia (Thomson and 
Smith, 1992). 

Locality. —ES51. 

Age. — Basal Kunae Zone (Late Pliensbachian). 


Reynesocoeloceras grahami, new species 
Plate 12, figures 2, 5, 6 


Description.—A slowly expanding, evolute form 
whose coronate inner whorls bear stout, prorsiradiate 
ribs terminating ventrally in robust tubercles. Inter- 
mediate whorls are more rounded in cross-section, dis- 
play a significant increase in rib frequency and the ribs 
become simple. On the outermost third of a whorl of 
the holotype (Pl. 12, fig. 2) and one of the paratypes 
(Pl. 12, fig. 6) small sharp tubercles appear at the ven- 
tro-lateral shoulder and the venter flattens. The para- 
type figured on Plate 12, figure 5 is interpreted as a 
coarse-ribbed variant that never completely loses its 
tubercles although they do become less pronounced. 
On its outer one-eighth whorl, ornamentation coars- 
ens, tubercles sharpen and become more prominent, 
and the last rib flares and thickens. 

Type material. —Holotype: GSC 98671 (Pl. 12, fig. 
2). Paratypes: GSC 98651 (PI. 12, fig. 5), GSC 87809 
(PI 12; fig: 6): 

Material. —One external mold in fine-grained sand- 
stone and approximately 10 specimens in a silty lime- 
stone from the Rennell Junction Member. 

Measurements. —See Table 24. 

Derivation of name.—This species is named after 
Graham Island, the large northern island of the Queen 
Charlotte Islands archipelago. 

Discussion. — Reynesocoeloceras grahami is a large 
species, reaching diameters up to 65 mm. It differs 
from all other species of Revnesocoeloceras by the ro- 
bustness of its ribbing in its early whorls which persists 
to umbilical diameters in excess of 15 mm. 

Localities. —FT1, F02, GT3. 

Age. —Freboldi Zone (Early Pliensbachian). 


Reynesocoeloceras mortilleti 
(Meneghini, 1875) 
Plate 12, figures 3, 4, 7, 8; 
Text-figures 26f, 35a,c 


Ammonites (Stephanoceras) mortilleti Meneghini, 1875, appendix, 
pl. 4, fig. 7; 1876, appendix, p. 21, pl. 6, figs. 1, 2. 

Coeloceras mortilleti Meneghini. Fucini, 1901a, p. 97, pl. 13, fig. 11; 
1905, p. 288, pl. 46, fig. 10; 1908b, p. 93, pl. 3, figs. 30, 31. 

Prodactylioceras cf. P. mortilleti (Meneghini). Imlay, 1968, p. C29, 
pl. 2, figs. 11-13, 19, 20. 
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Table 24.— Measurements of Reynesocoeloceras grahami, new species. All measurements are in mm. 


specimen no, DMAX D UD U 
GSC 99047 c49 c49 29 59.2 
= 19 = 

GSC 98671 50 50 30 60 
(holotype) _ 27) 60 
45 16 - 

_ 4.5 = 

GSC 87809 c46 c46 29 63 
(paratype) — 25 — 
= 17 = 

= 10 = 

= 6 = 
GSC 98651 55 55 32 58.2 
(paratype) 47 28 59.6 
an 18 = 

ai 10 = 


Aveyroniceras italicum (Meneghini). Pinna and Levi Setti, 1971, p. 
66, pl. 1, fig. 11 only. 

Indunoceras (Bettoniceras) mortilleti (Meneghini). Wiedenmayer, 
1977, p. 80, pl. 16, fig. 7. 

Reynesocoeloceras (Bettoniceras) cf. mortilleti (Meneghini). Hille- 
brandt, 1981, p. 512, pl. 7, figs. 10, 11. 

Reynesoceras mortilleti (Meneghini). Braga, 1983, p. 330, pl. 16, fig. 
15. 


Description.—An evolute form that has a coronate 
whorl section until umbilical diameters of approxi- 
mately 15 to 20 mm. Regularly spaced tubercles occur 
at the angular ventro-lateral shoulder where some pri- 
mary ribs loop together; two or, more commonly, three 
secondary ribs arch gently forward from the tubercles 
across the venter. Between the tubercles ribs are sim- 
ple. 

As growth proceeds, the whorl shape gradually be- 
comes less depressed and more rounded with the tu- 
bercles becoming irregularly spaced and radially elon- 
gate. Outer whorls are simply and densely ribbed; tu- 
bercles are rare. 

Type material.—Lectotype: Meneghini, 1876 (ap- 
pendix), pl. 6, fig. 2 refigured by Fucini, 1908b, pl. 3, 
fig. 30. Paralectotypes: Meneghini, 1875 (appendix), 
pl. 4, fig. 7; 1876 (appendix), pl. 6, fig. 1. 

Material. — Fifty-eight specimens, mostly fragments, 
preserved in fine grained calcareous sandstone and silt- 
stone of the Fannin Formation. 


ww WWD WH WHD WWWH  PRHW 
= as 10 20.4 = 42 
= = Es = = 22 
15.9 31.8 10.5 21.0 151.4 38 
c12.5 27.8 10 22.2 125 40 
= a = = = 15 
es = = = = 9 
13.5 29.3 9.2 20.0 146.7 37 
= = = = = 35 
= = aot = = 16 
eS = auf = 2 14 
= = a = a 11 
15.7 28.5 13 23.6 120.8 32 
14 29.8 10 21.3 140 31 
= 2 fs = = 12 
= = ns = ef 10 


Measurements. —See Table 25. 

Occurrence. — Reynesocoeloceras mortilleti is a 
Tethyan species ranging from the Jamesoni Zone to 
the Margaritatus Zone (Wiedenmayer, 1977) in the 
circum-Mediterranean area. In South America it oc- 
curs in beds equivalent to the Margaritatus zone (Hil- 
lebrandt, 1981, 1987). 

Localities. —B5, DT1, D22, E52, FT2, GT3, 106, 
mS; 

Age. —Kunae and, rarely, the Freboldi Zone (Pliens- 
bachian). 


Reynesocoeloceras spp. 
Plate 11, figures 7, 8 


Description. —Specimen GSC 98668 (PI. 11, fig. 7) 
is a distorted external mold of an evolute form that 
had a depressed Coe/loceras-like whorl section. Strong 
primary ribs terminate at the ventro-lateral shoulder 
in tubercles from which two or three weaker secondary 
ribs develop; intercalated secondary ribs also appear 
to be present. 

Specimen GSC 98869 (Pl. 11, fig. 8) also has a de- 
pressed, Coeloceras-like whorl section but the ventro- 
lateral shoulders are less sharp. Ribbing is very strong 
and the tubercles at the ventro-lateral shoulder are 
blunt and slightly radially elongate. Some ribs remain 


Table 25.—Measurements of Reynesocoeloceras mortilleti (Meneghini, 1875). All measurements are in mm. 


specimen no. DMAX D UD U ww 
GSC 98673 34 31 15 48.4 16.4 
GSC 98674 pH 24.5 12 50 - 
_ - 9 _ 13.5 
GSC 98675 — = c29 = c20.6 
GSC 99019 = — c20 - c18.1 


WWD WH WHD WWWH PRHW SRHW THW 

52.9 9.2 29.7 178.3 26 37 c8 
— g) - _ 23 32 6 
_ 5:5 — 245.5 - - - 
- c14.9 _ 138.3 - — - 
— c12.4 _ 146 25 41 c12 
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Table 26.— Measurements of Amaltheus stokesi (Sowerby, 1818). 
All measurements are in mm. 


specimen no. ww WH WWWH 
GSC 98717 c5.5 c9.5 c57.9 


simple while others give rise to two secondary ribs. 
The primary and secondary ribs are equally strong. 

Material. —Three external molds preserved in cal- 
careous sandstone. 

Discussion.—These specimens are placed in Rey- 
nesocoeloceras because they are moderately large and 
yet still retain their Coeloceras-like whorl shape and 
coarse ribbing. The state of preservation does not per- 
mit a confident species assignment. 

Occurrence. —Specimen GSC 98668 was not found 
in place but was associated with a Whiteavesi Zone 
fauna thought to originate from the Rennell Junction 
Member of the Fannin Formation (loc. GT1). This 
form may also be present at locality 102. Specimen 
GSC 98669 was found at locality E40 from the Whit- 
eavesi Zone of the Rennell Junction beds. 


Family AMALTHEIDAE Hyatt, 1867 
Genus AMALTHEUS de Montfort, 1808 


Proamaltheus Lange, 1932, p. 238. 
Nordamaltheus Repin, 1968, p. 111. 


Type species.—Amaltheus margaritatus de Mont- 
fort, 1808, p. 91, by monotypy. 

Age and distribution. —A Boreal genus characteristic 
of the Margaritatus and Spinatum zones. Only five 
specimens (including the material described below) 
have been recorded from the allochthonous terrane 
Wrangellia (Imlay, 1981). 


Amaltheus stokesi (J. Sowerby, 1818) 
Plate 19, figure 1; Plate 20, figure 3 
Text-figure 36a-b 


Ammonites stokesi Sowerby, 1818, p. 205, pl. 191. 

Amaltheus cf. A. nudus (Quenstedt). Imlay, 1955, p. 87, pl. 10, fig. 5. 

Amaltheus stokesi (J. Sowerby). Howarth, 1958, p. 3, pl. 1, figs. 5, 
7, 12-14; pl. 2, figs. 1, 3, 10; Dean, Donovan and Howarth, 1961, 
pl. 70, fig. 2; Frebold, 1964a, p. 9, pl. 2, figs. 2-6; Frebold, 
Mountjoy and Tempelman-Kluit, 1967, p. 14, pl. 1, figs. 1-3, 5, 
7; Géczy, 1967, p. 93, pl. 25, fig. 1; Frebold, 1970, p. 3, fig. 1; 
Repin, 1974, p. 55, pl. 1, figs. 4-9; Frebold, 1975, p. 10, pl. 4, 
figs. 3, 4; Wiedenmayer, 1980, p. 51, pl. 2, fig. 11; Sey and Ka- 
lacheva, 1980, p. 71, pl. 1, figs. 4, 6-8, 11, 13; Imlay, 1981, p. 37, 
pl. 10, figs. 23, 24, 27, 28; Braga, Comas-Rengifo, Goy, and Rivas, 
1985, pl. 1, figs. 6-7; Poulton, 1991, p. 18, pl. 8, figs. 1-8. 

Amaltheus cf. A. stokesi (Sowerby). Frebold, 1966, p. 2, pl. 1, figs. 
1+4. 

Amaltheus cf. margaritatus de Montfort. Repin, 1968, p. 108, pl. 
35. 

Amaltheus cf. A. stokesi (Sowerby). Hirano, 1971, p. 101, pl. 17, figs. 
1la,b. 


Table 27.—Measurements of Amaltheus viligaensis (Tuchkov, 
1954). All measurements are in mm. 


specimen WW- PR- 
no. D UD U WW WWD WH WHD WH HW 


GSC 87805 24.9 6.9 27.7 6.9 27.7 10.3 41.4 67 13 


Amaltheus (Amaltheus) stokesi (Sowerby). Schlegelmilch, 1976, p. 
70, pl. 34, fig. 7. 

Amaltheus (Proamaltheus) stokesi (Sowerby). Dagis, 1976, p. 21, pl. 
10, figs. 5-7. 


Description. —Involute form with an ellipsoidal whorl 
section. The low umbilical wall rounds rapidly into the 
gently convex flanks. The venter bears a low crenulate 
keel consisting of forwardly directed chevrons. The 
prorsiradiate primary ribs curve gently backwards 
across the flanks then fade somewhat as they project 
towards the venter; a few primaries bifurcate. Neither 
the aperture nor the septal suture is visible. 

Type material. — Holotype: J. Sowerby, 1818, pl. 191 
refigured by Howarth, 1958, pl. 1, fig. 7. 

Material. —Two specimens in limestone and calcar- 
eous sandstone of the upper Fannin Formation. 

Measurements. —See Table 26. 

Because of the poor preservation, exact mb counts 
cannot be made but the density appears to fall within 
the ribbing density envelope for A. stokesias illustrated 
by Howarth (1958, fig. 4). 

Discussion. —Amaltheus stokesi has been treated in 
detail by Howarth (1958). 

Occurrence. —Amaltheus stokesi is a species distrib- 
uted widely throughout the Boreal Realm (Canada, the 
former Soviet Union, northwest Europe, Alaska) as 
well as in mixed Tethyan/Boreal faunas of Italy, Hun- 
gary, Canada, Japan, and the former Soviet Union. It 
is characteristic of the lowest subzone (the Stokesi sub- 
zone) of the Margaritatus Zone in northwest Europe 
and it appears to be consistently low in the Upper 
Pliensbachian in other parts of the world. 

Localities. —FT2, GT4. 

Age. —Kunae Zone (Late Pliensbachian). 


Amaltheus viligaensis (Tuchkov, 1954) 
Plate 20, figure 2; Text-figure 36c 


Acanthopleuroceras viligaensis Tuchkov, 1954, p. 109, pl. 2, fig. 4. 

Amaltheus (Nordamaltheus) viligaensis (Tuchkov). Repin 1968, p. 
111, pl. 33, figs. 1-5; pl. 37, fig. 3; 1974, p. 62, pl. 5, figs. 6, 8, 
10; pl. 7, figs. 2-5. 


Amaltheus (Nordamaltheus?) bulunensis Repin, 1968, p. 111, pl. 35, 
fig. 2. 

Amaltheus (Nordamaltheus) aff. bulunensis Repin, 1968, p. 112, pl. 
36, fig. 1. 


Amaltheus (Nordamaltheus) bulunensis Repin, 1974, p. 63, pl. 5, 
figs. 1-2. 


nN 
to 


Amaltheus (Nordamaltheus) brodnensis Repin, 1974, in part, p. 64, 
pl. 5, fig. 4; pl. 66, figs. 1-S. 

Amaltheus (Nordamaltheus) brodnensis ventrocalvus Repin, 1974, p. 
65;,.pl. 5, figs. 3; 5, 7,9. 

Amaltheus (Proamaltheus) viligaensis (Tuchkov). Dagis, 1976, p. 27, 
pl. 16, figs. 1-8; pl. 17, figs. 1, 2. 

Amaltheus ex gr. viligaensis (Tuchkov). Sey and Kalacheva, 1980, 
p: 73; pl: 2; figs..2;.3; 

Amaltheus viligaensis (Tuchkov). Smith, Tipper, Taylor, and Guex, 
1988, pl. 5, figs. 5, 6. 


Description. —Involute, ellipsoidal whorl section; 
umbilical wall very low passing into convex flanks; 
venter rounded. A broad, low crenulate keel formed 
by forwardly inclined chevrons begins to develop on 
the outer quarter whorl. In earlier whorls the venter is 
rounded and featureless. Primary ribs are prorsira- 
diate, arching gently backwards to become rectiradiate 
near the middle of the flank. Ribs become obsolete on 
the upper flank except on the outer quarter where the 
ribs fade but can be seen projecting strongly onto the 
venter to form chevrons; some chevrons form by in- 
tercalation. Weak striations parallel to the primary ribs 
are evident on the lower half of the flank on the outer 
quarter whorl. 

No sutures are visible but at least the outer half whorl 
probably represents the body chamber. 

Type material. — Holotype: Tuchkov, 1954, pl. 2, fig. 
4. Neotype: Repin, 1974, pl. 7, fig. 2. 

Material.—One internal mold preserved in calcar- 
eous sandstone of the upper Fannin Formation. 

Measurements. —See Table 27. 

Discussion. —If the development of a keel is a func- 
tion of maturity in A. viligaensis, as suggested by Repin 
(1974), then the Queen Charlotte Island specimen is a 
microconch because it is only a third of the diameter 
of some of the Russian specimens. A. viligaensis differs 
from A. stokesi by its wider whorl section and weak to 
absent keel. 

Occurrence. —A. viligaensis is a Boreal species re- 
stricted to the northern Pacific. In Russia it is char- 
acteristic of assemblages correlated broadly with the 
Spinatum Zone of northwest Europe (Repin, 1974; 
Dagis, 1976; Sey and Kalacheva, 1980). In outcrops 
to the north of Vladivostok, the species is associated 
with Paltarpites (=Protogrammoceras (P.) skidegatense 
n. sp.) and Lioceratoides serotinum (Bettoni, 1900). 

Locality. —E62. 

Age. —Carlottense Zone (Late Pliensbachian). 


Family LIPAROCERATIDAE Hyatt, 1867 
Genus LIPAROCERAS Hyatt, 1867 
Subgenus BECHEICERAS Trueman, 1918 


Anisoloboceras Trueman, 1918, p. 263. 
Becheoceras Dacqué, 1934, p. 292. 
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Text-figure 36.—Whorl shape cross-sections for species of the 
Amaltheidae and Liparoceratidae. Figures are natural size. a,b. 
Amaltheus stokesi (J. Sowerby, 1818) (a. GSC 98711, b. GSC 98717); 
c. Amaltheus viligaensis (Tuchkov, 1954) (GSC 87805); d. Liparo- 
ceras (Beicheiceras) bechei (J. Sowerby, 1821) (GSC 78715). 


Type species. —Ammonites Bechei J. Sowerby, 1821, 
p. 143, pl. 280 by original designation (Trueman, 1918, 
p. 261). A neotype was designated by Donovan and 
Forsey (1973, p. 13, pl. 2, fig. 4) and refigured by Schle- 
gelmilch (1976, pl. 31, fig. 5). 

Remarks.—The shell is inflated and involute with 
two rows of tubercles and subdued costation. A dis- 
cussion of the subgenus is given by Spath (1938). 

Age and distribution. —The subgenus ranges through 
the Davoei and Margaritatus zones in northwest Eu- 
rope, where it was first described. Although rarely 
abundant, the subgenus is also widespread throughout 
the Mediterranean region, southern Europe, Indonesia, 
and the Americas where it may range stratigraphically 
lower, perhaps as low as the Jamesoni Zone (Géczy, 
1976). 


Liparoceras (Becheiceras) bechei 
(J. Sowerby, 1821) 
Plate 19, figure 2; Plate 20, figure 1; 
Text-figure 36d 


Ammonites Bechei J. Sowerby, 1821, p. 143, pl. 280. 

Liparoceras rotticum Krumbeck, 1922, p. 198, pl. 18, figs. 1, 2. 

Liparoceras Bechei (Sowerby). Schréder, 1927, p. 225, pl. 12, figs. 
6; 7: 

Liparoceras (Becheiceras) bechei (J. Sowerby). Spath, 1938, p. 74, 
pl. 8, fig. 2; pl. 11, figs. 1, 2, pl. 24, fig. 1; Donovan and Forsey, 
1973, p. 13, pl. 2, fig. 4; Géczy, 1976, p. 100, pl. 19, figs. 2, 3; 
Wiedenmayer, 1977, p. 70, pl. 155, figs. 5, 6; Pérez, 1982, pl. 20, 
fig. 11; Meister, 1986, p. 63, pl. 13, fig. 4. 
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Table 28.— Measurements of Liparoceras (Becheiceras) bechei (J. Sowerby, 1821). All measurements are in mm. 


specimen no. DMAX D UD U ww 
GSC 98715 38 38 4 10.5 c20.5 
GSC 98684 16 16 2 12.5 


Becheiceras cf. B. bechei (Sowerby). Frebold, 1964a, p. 8, pl. 3, fig. 
Leeplra shew leiplies fie: 1 

Liparoceras (Becheiceras) cf. L. (B.) bechei (Sowerby). Imlay, 1968, 
p27, ply figs: 185, 19: 

Becheiceras gr. bechei (Sowerby). Blau and Meister, 1991, p. 179, 
pl. 4, fig. 5. 


Description. —Involute form with rounded umbilical 
wall, flanks and venter. Ornamentation, which is very 
weak, consists of spiral striations to shell diameters of 
at least 15 mm, dense ribs and two rows of weak tu- 
bercles. 

Type material. — Holotype: J. Sowerby, 1821, pl. 280. 
Neotype: Donovan and Forsey, 1973, p. 13, pl. 2, fig. 4. 

Material. —Seven specimens preserved in limestone 
and calcareous sandstone of the Fannin Formation. 

Measurements. —See Table 28. 

Occurrence. —A cosmopolitan species, perhaps more 
abundant in northwest Europe, that Spath (1938) states 
is characteristic of the upper part of the Davoei Zone. 
Wiedenmayer (1977), however, has recognized the spe- 
cies from the Margaritatus Zone while Géczy (1976) 
has questionable occurrences in the Ibex and Jamesoni 
zones. Pérez (1982) has collected the species from the 
Upper Pliensbachian of Chile. 

Localities. —ET1, ET4, E32, FT2, GT4. 

Age. —Whiteavesi to Kunae zones (Pliensbachian). 


Genus OISTOCERAS Buckman, 1911 


Type species. —Ammonites figulinus Simpson, 1855, 
p. 47, by original designation (Buckman, 1911, p. 4, 
pl. 26A). 

Remarks. —Species of Oistoceras are evolute and bear 
simple ribs that show a pronounced forward flexure 
on the tabulate venter. Most species become bituber- 
culate and less densely ribbed at large shell diameters. 

Age and distribution.—This genus (through O. fi- 
gulinum) is thought to be the root-stock of the amal- 
theid radiation (Howarth, 1958). The genus is known 
throughout northern Europe (Spath, 1938; Hoffmann, 
1982) with occurrences also in Portugal (Mouterde et 
al., 1983), southern France (Meister, 1986), Spain 
(Braga et al., 1985), and Hungary (Géczy, 1976). It is 
characteristic of the Davoei and Margaritatus zones. 


Oistoceras compressum, new species 
Plate 5, figures 3-12 


Uptonia? sp. B. Imlay, 1981, p. 37, pl. 9, figs. 5-7. 


WWD WH WHD WWWH THW 
53.9 23.5 61.8 87.2 18 
59.4 8.7 54.4 109.2 - 


(2) Oistoceras sp. Braga, Comas-Rengifo, Goy, and Rivas, 1985, pl. 
DV, figs, 5: 
Uptonia? sp. Thomson and Smith, 1992, p. 15, pl. 4, figs. 1, 2. 


Description. —Evolute, slowly expanding form with 
a compressed whorl section. The ribs are simple, sharp, 
densely spaced, and non-tuberculate. The ribs are sub- 
rectiradiate to prorsiradiate across the flanks but swing 
strongly forward onto the venter where they form chev- 
rons. The ventral ribbing varies from fairly weak in 
some cases (PI. 5, figs. 7 and 12) to very strong in most 
cases. In some specimens evidence of whorl egression, 
a strengthening of the ventral ornamentation and a 
slight change in whorl shape to less compressed (e.g., 
Pl. 5, figs. 5 and 10) suggest that maturity is reached 
at a small shell diameter. 

Type material. —Holotype: GSC 99039 (PI. 5, fig. 5). 
Paratypes: GSC 98625 (PI. 5, fig. 3), GSC 98696 (PI. 
5, fig. 4), GSC 98710 (PI. 5, fig. 6), GSC 98738 (Pl. 5, 
fig. 7), GSC 99027 (PI. 5, fig. 8), GSC 99038 (PI. 5, fig. 
9), GSC 99041 (PI. 5, fig. 10), GSC 99042 (PI. 5, fig. 
11), GSC 99043 (PI. 5, fig. 12). 

Material. — Approximately 75 internal molds in cal- 
careous sandstone and siltstone of the Rennell Junction 
Member. 

Measurements. —See Table 29. 

Derivation of name. —In reference to the character- 
istically compressed whorls. 

Discussion. — This has been a difficult form to place 
taxonomically since, although it bears a resemblance 
to some species of the genus Uptonia to which it has 
been questionably referred in the past (Imlay, 1981; 
Thomson and Smith, 1992; Smith et al., 1988), it is 
now quite clear that it occurs much later than Uptonia 
as presently understood. Uptonia is characteristic of 
the Jamesoni Zone whereas O. compressum occurs in 
beds correlative with the Davoei Zone. 

This species is placed in Oistoceras rather than Up- 
tonia because of: (1) its resemblance to densely ribbed 
species of Oistoceras such as O. angulatum (Quenstedt) 
(Mouterde ef a/., 1983, p. 208, pl. 12, figs. 17, 18; pl. 
13, fig. 3); (2) the marked forward inflection of the ribs 
onto the venter, much more strongly than is seen in 
Uptonia; (3) its high stratigraphic position, consistently 
above the acanthopleuroceratids and with Dubariceras 


freboldi and other elements of the Freboldi Zone. 


The species differs from all other species of Oisto- 
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Table 29.—Measurements of Oistoceras compressum, new species. All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 98696 31 29.0 11.7 40.3 
GSC 99039 24.4 24.4 10.3 42.2 
— 20.0 7.4 37.0 
GSC 98738 24.1 24.1 8.4 34.9 
_ — 6.0 = 
GSC 99038 16.2 16.2 c6.5 40.1 
= oa 3.9 = 
GSC 99041 24.6 10.0 40.7 
GSC 99042 — 20.0 8.1 40.5 
GSC 99043 14.4 14.4 3.2 36.1 
MEAN 39.0 
ST. DEV. 2.6 


ceras by its combination of dense, fine ribbing and 
compressed whorl section. 

Localities. —ET3, FT1, FO2. 

Age. —Freboldi Zone (Early Pliensbachian). 


Superfamily HILDOCERATACEAE Hyatt, 1867 
Family HILDOCERATIDAE Hyatt, 1867 
Subfamily ARIETICERATINAE Howarth, 1955 
Genus ARIETICERAS Seguenza, 1885 


Seguenziceras Levi, 1896, p. 272. 
Meneghinia Fucini, 1931, p. 118. 
Protoarieticeras, Cantaluppi, 1970, p. 40. 
Pseudoarieticeras Cantaluppi, 1970, p. 40. 
Géczya Fantini Sestini, 1977, p. 710. 


Type species. —Ammonites algovianus Oppel, 1862, 
p. 137 (Seguenza, 1885, p. 67). Lectotype and para- 
lectotype (the latter refigured from Schréder, 1927) 
designated and figured by Wiedenmayer (1977). 

Remarks. — Fairly evolute forms with a quadrate to 
elliptical whorl section, unicarinate venter and simple, 
straight to gently sinuous ribs. 

Age and distribution.—A widespread genus most 
characteristic of the Tethyan Realm where it is re- 
stricted to the Margaritatus and Spinatum zones. Also 
known from the Americas (Hillebrandt, 1973, 1981; 
Imlay, 1968, 1981; Frebold, 1964a), Japan (Hirano, 
1973), and Russia (Sey and Kalacheva, 1980). 


Arieticeras aff. algovianum (Oppel, 1862) 
Plate 20, figures 11, 12 


aff. Ammonites algovianus Oppel, 1862, p. 137. 

aff. Arieticeras algovianum (Oppel). Wiedenmayer, 1977, pl. 16, figs. 
15, 16; Frebold, 1964a, p. 13, pl. 3, figs. 4, 5, pl. 4, fig. 2; 1970, 
p. 443, pl. 2, fig. 1. 

Arieticeras cf. algovianum (Oppel). Frebold, 1964a, p. 13, pl. 3, fig. 
3, pl. 5, fig. 3; Imlay, 1968, p. 34, pl. 4, figs. 1-8; 1981, p. 40, pl. 
10, figs. 16-20. 

Arieticeras cf. domarense (Oppel). Imlay, 1981, p. 39, pl. 10, figs. 1, 
2.9. 10: 


ww WWD WH WHD WWWH PRHW 
6.3 21.7 95 32.8 66.3 22 
5.5 22.5 6.4 26.2 85.9 25 
4.5 22.5 6.2 31.0 72.6 20 
529 24.5 8.1 33.6 72.8 21 
3:9 - 5.0 ~ 78.0 17 
— = - _ - 24 
3.6 — 3.8 - 94.7 21 
5.5 22.4 des) PENH 75.3 19 
4.3 21S 6.2 31.0 69.4 Py] 
3:5 24.3 4.4 30.6 19°53 19 
22.8 30.7 77.2 
1 2.4 8.7 


Arieticeras aff. algovianum (Oppel). Thomson and Smith, 1992, p. 
36, pl. 14, figs. 1-7. 


Description. —Evolute with a compressed whorl sec- 
tion bearing a high keel bordered by shallow sulci. Ribs 
are strong, slightly sinuous and gently rursiradiate in 
trend. 

Type material. —Lectotypes for Arieticeras algovian- 
um were designated by Wiedenmayer, 1977, p. 86, pl. 
16, fig. 15 (paralectotype) and 16 (lectotype). 

Material.—Thirteen internal molds, mostly frag- 
ments, preserved in calcareous sandstone of the upper 
Fannin Formation. 

Discussion. — This species is related to A. algovianum 
from which it differs by its slightly greater expansion 
rate. The species differs from A. aff. domarense in its 
higher expansion rate and coarser, more sinuous rib- 
bing; from A. cf. ruthenense by its less dense, coarser, 
more sinuous ribbing; from A. disputabile by its greater 
expansion rate end ribbing density; from 4. cf. mi- 
crasterias by its less coarse ribbing and more com- 
pressed whorl shape; and from 4. /upheri which has 
denser ribbing that is strongest on the upper part of 
the flank. 

Occurrence. — This material is conspecific with spec- 
imens of Arieticeras cf. and aff. algovianum from north- 
ern British Columbia as figured by Frebold (1964a, 
1970) and Thomson and Smith (1992). In Europe, 4. 
algovianum is common in the Upper Pliensbachian of 
the circum-Mediterranean area. 

Locality. —114, 117. 

Age.—Kunae Zone (Late Pliensbachian). 


Arieticeras disputabile (Fucini, 1908) 
Plate 20, figure 5; Plate 21, figure 2 
Text-figures 37b, 380 


Hildoceras disputabile Fucini, 1908b, p. 66, pl. 2, figs. 34-36. 

Arieticeras gerardi Monestier, 1934, p. 77, pl. 8, figs. 35-37. 

Arieticeras apertum Monestier, 1934, p. 50, pl. 10, figs. 21, 23, 37 
and 47 only. 
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Table 30.— Measurements of Arieticeras disputabile (Fucini, 1908). 
All measurements are in mm. 


specimen DM- WW- PR- 
no. AX D UD U WWWWDWH WHD WH HW 


GSC 98719 c20 16.8 7.2 43 4.4 26.2 5.0 29.8 88 11 


non Arieticeras disputabile (Fucini). Monestier, 1934, p. 67, pl. 10, 
figs. 5, 6; pl. 11, fig. 10; Wiedenmayer, 1980, p. 112, pl. 18, figs. 
25-28. 

Arieticeras disputabile (Fucini). Fantini Sestini, 1977, p. 730, pl. 35, 
figs. 5, 7; Braga, 1983, p. 219, pl. 9, figs. 20-23; Braga, Comas- 
Rengifo, Goy and Rivas, 1985, pl. 2, fig. 9; Meister, 1989, p. 43, 
pl. 6, fig. 6. 


Description.—A very evolute form with a com- 
pressed subquadrate to subelliptical whorl section. The 
low keel is bordered by smooth areas that become 
incipient sulci on the outer half whorl of the specimen 
figured on Plate 20, figure 5. The inner whorls are 
smooth with ribs beginning at an umbilical diameter 
of approximately 5 mm. The ribs are weakest on the 
lower part of the flank, stronger and rursiradiate on 
the rest of the flank and projected onto the venter where 
they quickly fade. 

Type material. — Lectotype: Fucini, 1908b, pl. 2, figs. 
35-36. 

Material.—Two internal molds and a fragment of 
an internal mold preserved in calcareous sandstone of 
the upper Fannin Formation. 

Measurements. —See Table 30. 

Discussion. —The specimen figured on Plate 20, fig- 
ure 5 is less compressed and more coarsely ribbed than 
the specimen figured on Plate 21, figure 2. It compares 
most favorably with Arieticeras gerardi Monestier con- 
sidered a junior synonym of A. disputabile. 

Occurrence. —From the Margaritatus Zone of Italy 
(Fucini, 1908), southern France (Meister, 1989) and 
Spain (Braga, 1983). 

Localities. —FT2, GT4, 114. 

Age.—Kunae Zone (Late Pliensbachian). 


Arieticeras aff. domarense (Meneghini, 1867) 
Plate 20, figure 4; Text-figure 37a 


aff. Ammonites (Harpoceras) domarensis Meneghini, 1867, p. 7; 1870, 
pl. 1, figs. 4-6, 9. 

aff. Hildoceras (Arieticeras) domarense (Meneghini). Bettoni, 1900, 
p65, pl: 5; fig..3: 

aff. Arieticeras domarense (Meneghini). Monestier, 1934, p. 62, pl. 
7, figs. 23, 25, 27, 29, 30; pl. 11, fig. 15; Fantini Sestini, 1962, p. 
520, pl. 39, figs. 5, 6. 

Arieticeras sp. Corvalan, 1962, p. 187, pl. 3, fig. 6. 

Arieticeras cf. algovianum (Oppel). Hallam, 1965, p. 1488 (reference 
to Corvalan, 1962, pl. 3, fig. 6; specimen figured by Smith, Tipper, 
Taylor and Guex, 1988, pl. 4, figs. 10, 11). 

Arieticeras cf. domarense (Meneghini). Imlay, 1968, p. 33, pl. 4, figs. 
9-12; Imlay, 1981, p. 39, pl. 10, figs. 6-8 and 11-14 only. 


e f g 


Text-figure 37.—Whorl shape cross-sections for species of the Ar- 
ieticeratinae. All figures are x2. a. Arieticeras aff. domarense (Me- 
neghini, 1867) (GSC 98718); b. Arieticeras disputabile (Fucini, 1908) 
(GSC 98719); c. Fieldingiceras fieldingii (Reynés, 1868) (GSC 98728); 
d. Arieticeras lupheri Imlay, 1968 (GSC 98721); e,f. Leptaleoceras 
sp. (e. GSC 98602, f. GSC 98604); g. Fieldingiceras pseudofieldingii 
(Fucini, 1904) (GSC 98587). 


Description.—Very evolute and slowly expanding 
with a compressed, subquadrate to ovate whorl section 
(WWWH=c90) bearing a sharp keel bordered by weak 
sulci. Ribs are wiry, rectiradiate to gently rursiradiate 
and fairly densely spaced. 

Type material.—Syntypes for Arieticeras domar- 
ense: Meneghini, 1870, pl. 1, figs. 4-6, 9. 

Material. —Ten specimens, mostly incomplete, pre- 
served in sandstone of the upper Fannin Formation. 

Discussion. — This species appears to be conspecific 
with material from elsewhere in North America de- 
scribed as A. cf. domarense (Imlay, 1968, 1981) and it 
is certainly closely related to this species. The slightly 
squarer whorl section led Wiedenmayer (1980, p. 125) 
tentatively to include the form in his new genus Ore- 
gonites, but the sulci are too weak, the whorl section 
too compressed and the ribs too fine and regular. 

Occurrence. —A. domarense is an Upper Pliensba- 
chian, northern Mediterranean species. 4. aff. domar- 
ense is known from the Kunae Zone of Alaska (Imlay, 
1981), Oregon (Imlay, 1968), and Nevada (Corvalan, 
1962; Smith et al., 1988). 

Localities. —ET5, E52, E59, 106 and I17. 

Age.—Kunae and Carlottense zones (Late Pliens- 
bachian). 


Arieticeras lupheri Imlay, 1968 
Plate 20, figures 6, 7; Text-figure 37d 
Arieticeras lupheri Imlay, 1968, p. C34, pl. 4, figs. 13-28; Wieden- 


mayer, 1977, p. 84, pl. 17, fig. 2; Wiedenmayer, 1980, p. 113, pl. 
19, figs. 19-22. 


Description. —Evolute form with a low, weakly sul- 
cate keel. The umbilical wall is low and steep, the flanks 
flat and the venter broadly rounded. The inner whorls 
are smooth with ribbing on the outer whorls confined 


Nn 
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Table 31.—Measurements of Arieticeras lupheri Imlay, 1968. All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 98720 25 cl9 7 36.8 
GSC 98721 c26 19.5 8 41.0 
GSC 99020 ~ 18.5 6.3 34.1 


to the upper part of the flank. Ribs are densely spaced 
and rectiradiate to gently rursiradiate in trend. 

Type material.— Holotype: Imlay, 1968, pl. 4, figs. 
24, 25, 28. Paratypes: Imlay, 1968, pl. 4, figs. 13-24, 
26, 27. 

Material. —Nine specimens in calcareous sandstone 
of the upper Fannin Formation. 

Measurements. —See Table 31. 

Discussion. —Because the specimens available for 
study are small (maximum shell diameter=c25 mm), 
it is dificult to make comparisons with the type ma- 
terial which reaches shell diameters of 60 mm or more 
and undergoes a modification of whorl shape and or- 
namentation during ontogeny. The Queen Charlotte 
Island material, however, does show the compressed 
subquadrate whorl section and ornamentation char- 
acteristic of A. /upheri at small diameters. 

Occurrence. —A. lupheri has been reported from the 
equivalents of the Margaritatus Zone in Switzerland 
(Wiedenmayer, 1977, 1980) and Oregon (Imlay, 1968). 

Localities. —DT1, 106. 

Age. —Kunae Zone (Late Pliensbachian). 


Arieticeras cf. micrasterias (Meneghini, 1874) 
Plate 20, figure 8 


cf. Ammonites (Harpoceras) mercati Hauer var. micrasterias Me- 
neghini, 1874, appendix, pl. 2, fig. 14 only; 1875, appendix, p. 3. 

cf. Hildoceras rimotum Fucini, 1905, p. 282, pl. 45, fig. 12; 1908b, 
p. 47, pl. 1, figs. 47, 48. 

cf. Hildoceras micrasterias Meneghini. Fucini, 1908a, p. 12, pl. 2, 
fig. 13; 1908b, p. 48, pl. 1, figs. 49-51. 

cf. Hildoceras simplex Fucini, 1908b, p. 45, pl. 1, fig. 39-41. 

cf. Arieticeras micrasterias (Meneghini). Fucini, 1931, p. 113, pl. 23, 
fig. 9; Monestier, 1934, p. 71, pl. 7, figs. 11-13, pl. 10, figs. 7-9; 
Fantini Sestini, 1962, p. 525, pl. 39, fig. 12; 1977, p. 728, pl. 35, 
figs. 3, 6; Braga, 1983, p. 222, pl. 9, figs. 24, 25; Meister, 1989, 
p. 44, pl. 6, fig. 8. 

cf. Arieticeras rimotum (Fucini). Monestier, 1934, p. 71, pl. 10, fig. 
55; Ferretti, 1972, p. 109, pl. 14, fig. 2. 

cf. Arieticeras simplex (Fucini). Wiedenmayer, 1977, p. 112, pl. 18, 
figs. 35-28; 1980, p. 116, pl. 21, figs. 9-12. 

Arieticeras cf. simplex (Fucini). Hillebrandt, 1981, p. 516, pl. 8, 
fig. 7. 

Arieticeras sp. Imlay, 1981, p. 40, pl. 10, fig. 21. 


ww WWD WH WHD WWWH PRHW 
5.0 26.3 6.6 34.7 75.8 cl4 
| 26.2 6.5 33:3) 78.5 cl6 

c4.9 26.5 6.5 3531 75.4 13 


Description.—Evolute and slowly expanding. The 
umbilical wall is steep, the umbilical shoulder abrupt 
and the flanks flat. The flat venter bears a keel bordered 
by sulci. The nucleus is smooth to an umbilical di- 
ameter of approximately 3 mm; the rest of the whorls 
bear strong, simple ribs that are gently rursiradiate. 

Type material. —Lectotype: Meneghini, 1874, pl. 2, 
fig. 14 (Braga, 1983). 

Material.—Two external and one internal mold in 
sandstone of the upper Fannin Formation. 

Occurrence. —A species characteristic of the Upper 
Pliensbachian of the circum-Mediterranean area (Bra- 
ga, 1983; Wiedenmayer, 1980) with other possible oc- 
currences in Alaska (Imlay, 1981) and South America 
(Hillebrandt, 1981) under the names listed in the above 
synonymy. 

Localities. —D22, 117. 

Age. —Kunae Zone (Late Pliensbachian). 


Arieticeras cf. ruthenense (Reynés, 1868) 
Plate 20, figures 9, 10 


cf. Ammonites ruthenense Reynés, 1868, p. 94, pl. 2, fig. 4. 

cf. Arieticeras ruthenense (Reynés). Monestier, 1934, p. 59, pl. 8, 
figs. 2, 4, 5; Wiedenmayer, 1980, p. 115, pl. 20, figs. 21-24, pl. 
21, figs. 1, 2; Meister, 1989, p. 52, pl. 8, figs. 3-6, pl. 9, figs. 1-5. 

non Arieticeras aff. ruthenense (Reynés). Frebold, 1964a, p. 14, pl. 
4, figs. 3, 4 (=Leptaleoceras sp.). 

Arieticeras cf. ruthenense (Reynés). Thomson and Smith, 1992, p. 
375, pl. US; sfigs: 13/2: 


Description. —An evolute form with an elliptical to 
subquadrate whorl section bearing a high keel bordered 
by flat smooth areas or weak sulci. Ribbing is fairly 
coarse and densely spaced. Ribs arise near the umbil- 
ical shoulder, are rectiradiate in trend and project onto 
the venter where they fade rapidly. 

Type material. —Holotype: Reynés, 1868, pl. 2, fig. 4. 

Material. —Six specimens in calcareous sandstone of 
the upper Fannin Formation. 

Measurements. —See Table 32. 

Discussion. —The species A. ruthenense shows con- 
siderable variation in its whorl shape and ornamen- 


Table 32.—Measurements of Arieticeras cf. ruthenense (Reynés, 1868). All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 98723 35.5 34 12.5 36.8 
GSC 98724 30 28.5 10.5 36.8 


ww WWD WH WHD WWWH PRHW 
c9.5 c27.9 13.5 39.7 c70.4 cls 
- 26.2 10.4 36.5 - 17 


JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER Siz 


Table 33.— Measurements of Leptaleoceras aff. accuratum (Fucini, 
1931). All measurements are in mm. 


PR- 
specimen no. DMAX D UD U WH WHD HW 


GSC 98593 c55 40 17 CUES) Gils) Sey il 
GSC 98599 c47 «345 «(29 44.4 14° S151 23 
GSC 95577 c33 30 11.4 38 12. 40 22 


tation (Meister, 1989); the poorly preserved Queen 
Charlotte Islands material compares well with the 
densely ribbed varieties. 

Occurrence. —A. ruthenense is a widely distributed 
Tethyan species reported from the circum-Mediter- 
ranean area (Wiedenmayer, 1977; Meister, 1989), Brit- 
ish Columbia, and Oregon (Thomson and Smith, 1992). 
It characterizes the Upper Pliensbachian. 

Localities. —106, 114. 

Age. —Kunae Zone (Late Pliensbachian). 


Genus LEPTALEOCERAS Buckman, 1918 


Naxeniceras Fucini, 1931, p. 147. 
Distefania Fucini, 1931, p. 153. 
Trinacrioceras Fucini, 1931, p. 157. 
Seguentia Fucini, 1931, p. 122. 
Ugdulenia Cantaluppi, 1970, p. 40. 


Type species. — Leptaleoceras leptum Buckman, 1918, 
p. 284, pl. 26, figs. 1-3 by original designation. 

Remarks. — Moderately evolute forms with a com- 
pressed oval whorl section bearing a keel flanked by 
smooth bands or sulci. Ribbing is dense and often 
sinuous. Detailed treatments of the genus are given by 
Wiedenmayer (1977) and Braga (1983). 

Age and distribution.—Most species of this genus 
occur in the circum-Mediterranean area of the Tethyan 
Realm ranging through beds that correlate with the 
upper Margaritatus and Spinatum zones. Occurrences 
are also known in the northwest European Province, 
where the genus was first recognized (Buckman, 1918), 
Oregon (Imlay, 1968), British Columbia (Thomson and 
Smith, 1992), and Mexico (Erben, 1954). The genus is 
also questionably present in Argentina amongst ma- 
terial described as Bouleiceras sp. (Hillebrandt, 1973b), 
as discussed by Wiedenmayer (1980, p. 137). 


Leptaleoceras aff. accuratum (Fucini, 1931) 
Plate 22, figures 6, 8, 9 


aff. Arieticeras(?) accuratum Fucini, 1931, p. 117, pl. 24, fig. 10. 

Leptaleoceras pseudoradians (Reynés). Frebold, 1964a, p. 15, pl. 4; 
1970, p. 443, pl. 2, fig. 2. 

Leptaleoceras cf. pseudoradians (Reynés). Imlay, 1981, p. 40, pl. 11, 
figs. 12, 13. 

Arieticeras cf. domarense (Meneghini). Imlay, 1981, p. 39, pl. 10, 
fig. 15 only. 

Leptaleoceras accuratum (Fucini) morphotype “preaccuratum*. 
Braga, 1983, p. 256, pl. 11, figs. 27-30, pl. 12, figs. 1, 2. 


Table 34.— Measurements of Leptaleoceras compressum (Mones- 
tier, 1934). All measurements are in mm. 


specimen DM- WW- PR- 
no. AX D UD U WW WWD WH WHD WH HW 


GSC 98601 28.5 25 11 44 62 248 8.2 32.8 75.6 21 


Leptaleoceras aff. accuratum (Fucini). Smith, Tipper, Taylor, and 
Guex, 1988, pl. 4, fig. 9; Thomson and Smith, 1992, p. 34, pl. 13, 
figs. 1-6. 


Description.—Evolute with a compressed, ogival 
whorl section bearing a keel flanked by smooth areas 
or weak sulci at large diameters. Ribbing characteris- 
tically changes with growth. The nucleus is smooth; 
the middle whorls (up to umbilical diameters of ap- 
proximately 15 mm) bear densely spaced, wiry, rec- 
tiradiate to gently rursiradiate ribs that project onto 
the venter; ribs on outer whorls are coarser, less densely 
spaced and slightly sinuous. 

Type material. —Holotype: Fucini, 1931, pl. 8, fig. 
10. 

Material. —Twelve specimens, mostly external 
molds, in buff coloured sandstone of the upper Fannin 
Formation. 

Measurements. —See Table 33. 

Discussion. —This species is placed in Leptaleoceras 
rather than Arieticeras because of its very dense, sharp 
ribbing. The species is probably closely related to the 
densely ribbed A. ruthenense which is known from the 
Spatsizi area of north-central British Columbia 
(Thomson and Smith, 1992) as well as the Queen Char- 
lotte Islands. 

Occurrence. — Leptaleoceras accuratum is a circum- 
Mediterranean Tethyan species known from the Upper 
Pliensbachian of Italy, southern France, Spain, and 
southern Switzerland (Fucini, 1931; Wiedenmayer, 
1980; Braga, 1983). It is also known from the Kunae 
Zone of North America as discussed by Thomson and 
Smith (1992). 

Localities. —117. 

Age. —Kunae Zone (Late Pliensbachian). 


Leptaleoceras compressum (Monestier, 1934) 
Plate 22, figure 10 


Arieticeras compressum Monestier, 1934, p. 51, pl. 8, figs. 21-23. 

Arieticeras compressum var. semilaevis Monestier, 1934, p. 51, pl. 
8, fig. 20. 

non Fuciniceras compressum (Monestier). Fischer, 1975, p. 74, pl. 
2, fig. 13, 14 (~Leptaleoceras macrum). 

Fuciniceras aff. compressum (Monestier). Fischer, 1975, p. 76, pl. 2, 
fig. 15. 

Leptaleoceras (Leptaleoceras) compressum (Monestier). Wieden- 
mayer, 1980, p. 118, pl. 22, figs. 6, 9. 


Description. —Evolute, slowly expanding form bear- 
ing a low keel. The umbilical wall is low and steep, the 
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Table 35.—Measurements of Leptaleoceras sp. All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 98602 cl9 cl7 c6 35.3 
GSC 98604 25 25 9 36 
GSC 99021 19 19 6.3 33.2 
= — 355 — 


flanks flat and the venter broadly arched giving an 
ogival whorl section. The densely spaced, narrow ribs 
are rectiradiate to gently rursiradiate and projected onto 
the venter. The whorls are smooth to an umbilical 
diameter of approximately 5 mm. 

Type material.—Syntypes: Monestier, 1934, pl. 8, 
figs. 21-23. 

Material.—One specimen from sandstone of the 
Fannin Formation. 

Measurements. —See Table 34. 

Discussion. —This species is included in the genus 
Leptaleoceras rather than Arieticeras because of its fine, 
dense ribbing. L. compressum differs from L. sp. with 
which it co-occurs in the Queen Charlotte Islands, by 
its smaller expansion rate (less than 2 compared to 
greater than 2), slightly coarser ribbing and its less 
sharp keel. The slowly expanding L. macrum (Mones- 
tier, 1934) which Meister (1989; under the generic name 
Arieticeras) considers a synonym of L. compressum, 
differs only in its finer, denser ribbing which arises early 
in ontogeny, contrasting with the larger, smooth nu- 
cleus of L. compressum. 

Occurrence.—L. compressum is known from the 
Margaritatus Zone of southern France, southern Ger- 
many, and southern Switzerland (Monestier, 1934; Fi- 
scher, 1975; Wiedenmayer, 1980). 

Locality. —106. 

Age. —Kunae Zone (Late Pliensbachian). 


Leptaleoceras sp. 
Plate 22, figures 7, 11-13 
Text-figures 37e-f, 38m 


Description. —Midvolute to evolute form with a 
compressed whorl section bearing a sharp keel. The 
ribs are fine, densely spaced and gently sinuous. At 
umbilical diameters greater than approximately 8 mm, 
the convex flanks flatten slightly and the ornamenta- 
tion coarsens. 

Material. —Twenty-two specimens in calcareous 
sandstone of the upper Fannin Formation. 

Measurements. —See Table 35. 

Discussion.—As noted above, Leptaleoceras com- 
pressum is more coarsely ribbed and slightly more ev- 
olute than L. sp. It is conceivable that all the specimens 
represent variants of the same species but L. sp. is 
much more common. 


ww WWD WH WHD WWWH PRHW 
c4.3 25.3 6.5 38.2 66.2 c23 
6.3 Dee 9.3 S22, 67.7 ay) 
- (HSS) 39.5 — cl9 
33 - 5 - 66 - 


Localities. —DT1, D20, D23, FT2, F11(?), 106, 114. 
Age. —Kunae Zone (Late Pliensbachian). 


Genus FONTANELLICERAS Fucini, 1931 


Type species.—Harpoceras fontanellense Gemmel- 
laro, 1886 (p. 118, pl. 2, figs. 1, 2) by subsequent des- 
ignation (Vecchia, 1949, p. 142). The type material has 
been refigured by Fucini (1931, pl. 24, figs. 21, 22). 

Remarks. —Evolute, slowly expanding and stout 
whorled forms with sulcate keels and strong, simple 
ribs. 

Age and distribution. —A Tethyan form known from 
the Upper Pliensbachian and lowermost Toarcian of 
Italy (Fucini, 1931; Cantaluppi and Brambilla, 1968; 
Fantini Sestini, 1977), southern Switzerland (Wieden- 
mayer, 1980), Spain (Braga, Jiminéz and Rivas, 1982; 
Braga, 1983), France (Monestier, 1934), Morocco 
(Guex, 1973), Japan (Hirano, 1971), and the United 
States (Imlay, 1968, 1981). 


Fontanelliceras sp. 
Plate 22, figures 1, 2 


Description. —Evolute, slowly expanding form with 
a slightly compressed whorl section with convex flanks. 
The venter bears a prominent, weakly sulcate keel. 
Ribs are simple and coarse; they are rectiradiate to 
slightly rursiradiate on the flanks and project weakly 
onto the venter. 

Material.—Two internal molds and several frag- 
ments preserved in calcareous sandstone of the Fannin 
Formation. 

Measurements. —See Table 36. 

Discussion. —These specimens show a resemblance 
to some forms collected from Alaska and figured under 
the name of Fontanelliceras cf. fontanellense by Imlay 
(1981, pl. 11, figs. 19 and 20). The remainder of Imlay’s 
F. cf. fontanellense (1981, pl. 11, figs. 17, 18, 21-23) 
together with Arnioceras? sp. indet. of Frebold (1964a) 
appears to belong to F. juliae of Fucini (1931, pl. 8, 
figs. 28-31). The Queen Charlotte Islands specimens 
differ from F. fontanellense in being more compressed, 
more weakly sulcate and more coarsely ribbed. 

Localities. —D20, D22, E52, 114. 

Age. —Kunae Zone (Late Pliensbachian). 
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Table 36.—Measurements of Fontanelliceras sp. All measure- 
ments are in mm. 


WW- PR- 
specimen no. D UD U WW WH WH HW 
GSC 98583 24 12 50 — = - 10 

= 8 — 4.7 5.2 90.4 - 


Genus CANAVARIA Gemmellaro, 1886 


Type species. —Harpoceras (Dumortieria) haugi 
Gemmellaro, 1886, pl. 1, figs. 1-3 by subsequent des- 
ignation (Howarth, 1955, p. 167). 

Remarks. —Evolute, slowly expanding forms with a 
subrectangular whorl section. A keel is present flanked 
by smooth areas or weak sulci. The ribbing is simple, 
straight to weakly sinuous, with tubercules on the ven- 
tral ends. This genus is closely related to the non-tu- 
berculate Emaciaticeras and the bituberculate Tau- 
romeniceras both of which have been included as sub- 
genera of Canavaria by some workers (Wiedenmayer, 
1980; Braga, 1983). 

Age and distribution. —Canavaria 1s a circum-Med- 
iterranean form characteristic of the upper part of the 
Pliensbachian (the Emaciatum Zone in Spain [Braga, 
1983] and upper Spinatum Zone equivalents). Material 
from Oregon referred to Canavaria by Imlay (1968) 
has subsequently been referred to the genus Oregonites 
(Wiedenmayer, 1980) which resembles Fontanelliceras 
except for the irregularity of the ornamentation. Can- 
avaria is questionably present in the Spatsizi area of 
northern British Columbia (Thomson and Smith, 
1992). 


Canavaria? sp. 
Plate 21, figure 5 


Description. — An evolute (U=c60) slowly expanding 
form bearing a sulcate keel. The coarse ribs, which 
reach a density of approximately 23 per half whorl on 
the outer whorl, are simple and rursiradiate with their 
ventral ends swollen. Poorly preserved traces of the 
septal suture are evident up to the last half whorl. 

Material.—One compressed and slightly distorted 
internal mold preserved in noncalcareous sandstone of 
the Fannin Formation. 

Discussion. —This isolated specimen was collected 
from an outcrop in an otherwise covered stratigraphic 
interval on Maude Island situated between sandstones 
yielding a Carlottense Zone fauna and sandstones 
yielding a Kunae Zone fauna. The specimen does show 
the important morphological features of the genus but 
its poor preservation, the uncertainty ofits stratigraph- 
ic position, and the fact that this genus 1s not unequiv- 
ocally known from any other locality in North America 
all leave room for doubt as to its true affinity. 


Table 37.—Measurements of Oregonites? dawsoni, new species. 
All measurements are in mm. 


specimen DM- WW- PR- 
no. AX D UD U WW WWD WH WHD WH HW 


GSC 98727 c25 c25 8.8 35.2 7.3 29.2 8 329 1F3y Ail 


Occurrence. — This specimen occurred in sandstones 
lithologically similar and geographically fairly close to 
those yielding a Carlottense Zone fauna. There is no 
associated fauna, however, to confirm this assignment. 

Locality. —E61. 

Age. —Probably Late Pliensbachian. 


Genus OREGONITES Wiedenmayer, 1980 


Type species. —Oregonites imlayi Wiedenmayer, 
1980=Canavaria cf. C. morosa of Imlay, 1968, p. 35, 
pl. 5, figs. 12-14 (Wiedenmayer, 1980, p. 124). 

Remarks. —Evolute with depressed whorl sections 
bearing a keel that is simple or flanked either by smooth 
areas or narrow sulci. Ribs are strong, rursiradiate, 
sometimes irregularly paired near the umbilical mar- 
gin. Species of Fontanelliceras are more evolute and 
more regularly ribbed; species of Arieticeras have sim- 
pler, more rectiradiate ornamentation and whorls that 
in most cases are more compressed. Many of the spe- 
cies Wiedenmayer (1980) tentatively assigned to Or- 
egonites, however, are better accommodated in these 
genera. The exceptions are Imlay’s (1968) species Fu- 
ciniceras sp. A, F. sp. B, F. cf. capellinii, and F. cf. 
inclytum. 

Age and distribution.—From the Upper Pliensba- 
chian of North America. 


Oregonites? dawsoni, new species 
Plate 20, figure 13 


Description. —Midvolute, slightly compressed form 
with an arched venter bearing a sharp keel that is sim- 
ple where the shell is preserved but flanked by incipient 
sulci on the internal mold. The specimen is incomplete 
but the outer half whorl is non-septate and the last 
quarter whorl shows a decline in the ornament and 
strength of the keel. The inclined umbilical wall rounds 
evenly into the gently convex flanks. 

The ribs arise near the umbilical shoulder and are 
strongest on the flanks where they arch backward. The 
ribs project onto the venter from the ventro-lateral area 
but they fade and rapidly disappear. 

Type material. — Holotype: GSC 98727 (PI. 20, fig. 
13). Preserved in calcareous sandstone of the upper 
Fannin Formation. 

Measurements. —See Table 37. 

Derivation of name. — After G.M. Dawson, a pioneer 


60 BULLETIN 348 


Canadian geologist who undertook reconnaissance work 
in the Queen Charlotte Islands during the 19th century. 

Discussion. —The stout whorl shape compared with 
other Pliensbachian hildoceratids, the markedly rur- 
siradiate ribs and the distinct keel are characteristic of 
the genus Oregonites but the assignment to this genus 
is tentative because the specimen is more involute, 
more compressed and more regularly ribbed than the 
forms normally accommodated within Oregonites. It 
is most similar to Fuciniceras sp. B, an as yet unnamed 
species from Oregon described by Imlay (1968) and 
assigned to Oregonites by Wiedenmayer (1980). It dif- 
fers by having a more compressed whorl section, a 
more arched venter and ribs that disappear at the ven- 
tro-lateral area. In an earlier work (Smith et al., 1988), 
O.? dawsoni was provisionally compared to “‘Gram- 
moceras”’ sygma Monestier (1934) and assigned to 
Fieldingiceras but Monestier’s material from the Mar- 
garitatus Zone does not have the distinct keel of O.? 
dawsoni. 

Occurrence.—O.? dawsoni is unfortunately only 
known from this single specimen from the Queen 
Charlotte Islands. 

Locality. —E63. 

Age. —Carlottense Zone (Late Pliensbachian). 


Subfamily HARPOCERATINAE Neumayr, 1875 
Genus FIELDINGICERAS Wiedenmayer, 1980 


Fieldingia Cantaluppi, 1970, p. 41. 
Grammoceratoides Mattei, 1967, p. 556. 


Type species. —Ammonites fieldingii Reynés, 1868, 
p. 97, pl. 4, fig. 1. 

Remarks. —Evolute compressed forms that are fairly 
small and have a sharp keel. Meister (1986) has sug- 
gested that Fie/dingiceras might represent microconchs 
of Protogrammoceras. Smooth and irregularly ribbed 
forms are known and some workers hold that the cos- 
tate F. fieldingii and the smooth F. pseudofieldingii are 
variants of the same species (Imlay, 1968; Braga, 1983). 
They are kept separate here because they do not always 
co-occur at the same locality or within the same geo- 
graphic area. 

This genus was first called Fie/dingia by Cantaluppi 
(1970) but Wiedenmayer (1980, p. 128) pointed out 
that this name 1s ajunior homonym of the hexactinellid 
sponge Fie/dingia Kent (1870). Rather than giving 
Cantaluppi the opportunity to select anew name, Wie- 
denmayer (1980) simply renamed Cantaluppi’s genus 
Fieldingiceras. 

Age and distribution. —Characteristic of the Mar- 
garitatus Zone of the circum-Mediterranean area. In 
North America, Fie/dingiceras is presently known from 
northern British Columbia and eastern Oregon. Fre- 


bold (1964a) figured a ribbed form (Ammonite gen. 
and sp. indet. 2, pl. 2, fig. 10) from the Telegraph Creek 
area, British Columbia, that is similar to, if not con- 
specific with, Fie/dingiceras morganense reported from 
the Nicely Formation of eastern Oregon by Imlay 
(1968). Imlay also recorded a single specimen from the 
Nicely Formation tentatively assigned to F. pseudo- 


fieldingii. 


Fieldingiceras fieldingii (Reynés, 1868) 
Plate 20, figure 14; Plate 21, figure 3; 
Text-figure 37c 
Ammonites Fieldingii Reynés, 1868, p. 97, pl. 4, fig. 1. 
Harpoceras? Fieldingii Reynés. Fucini, 1901a, p. 51, pl. 7, fig. 8. 
Grammoceras Fieldingti (Reynés). Monestier, 1934, p. 33, pl. 4, figs. 
30, 38, 39 only. 
Leptaleoceras (Fieldingia) fieldingii (Reynés). Wiedenmayer, 1980, 
p. 123, pl. 23, figs. 29, 30. 
aff. Fieldingia aff. fieldingii (Reynés). Mouterde and Rocha, 1981, 
p. 218, pl. 2, figs. 3-6. 
Fieldingiceras fieldingii (Reynés). Braga, 1983, p. 181, pl. 7, figs. 3, 
4, 6-11; Meister, 1986, pl. 22, fig. 4. 
Fieldingiceras gr. fieldingii (Reynés). Dommergues, Ferretti, Géczy, 
and Mouterde, 1983, p. 479, pl. 2, figs. 15-20. 
Protogrammoceras (Fieldingiceras) fieldingli (Reynés). Meister, 1989, 
p. 40, pl. 4, figs. 2, 3, 5. 


Description. —Midvolute, with a compressed whorl 
section bearing a pronounced, simple keel. The outer 
half whorl of specimen GSC 98728 is non-septate, 
egresses and shows a weakening of the keel and or- 
namentation. The last few ribs are approximated and 
the peristome flares slightly and projects ventrally. 
These features indicate that this form is mature. 

The ribs arise near the umbilical shoulder, are rur- 
siradiate on the flanks and project onto the venter where 
they fade rapidly. On the outer quarter whorl of spec- 
imen GSC 98728, weak ribs can be seen in oblique 
light projecting forward strongly onto and over the 
venter where the keel is weakening. 

Type material. —Holotype: Reynés, 1868, pl. 4, fig. 1. 

Material. —Two specimens in sandstone of the upper 
Fannin Formation. 

Measurements. —See Table 38. 

Occurrence. — From the Margaritatus Zone of Italy 
(Fucini, 1904; Dommergues et al., 1983), southern 
France (Monestier, 1934), southern Switzerland (Wie- 
denmayer, 1980), and Spain (Braga, 1983). 

Locality. —ETS. 

Age. —Not in place but originating from the Carlot- 
tense Zone (Late Pliensbachian). 


Fieldingiceras pseudofieldingii (Fucini, 1904) 
Plate 21, figures 1, 4; Plate 22, figures 3-5 
Text-figures 37g, 38n 


Harpoceras(?) pseudofieldingii Fucini, 1904, p. 251, pl. 41, fig. 4. 
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Table 38.— Measurements of Fieldingiceras fieldingii (Reynés, 1868). All measurements are in mm. 


specimen no. DMAX DPHRAG D UD U 
GSC 98728 19 cl4 19 6.5 34.2 


Praeleioceras pseudofieldingii (Fucini). Fucini, 1931, p. 108, pl. 22, 
figs. 12, 13. 

Grammoceras penenudum Monestier, 1934, p. 41, pl. 4, figs. 9-16; 
pl. 8, figs. 28, 29. 

Grammoceras intermediate between fieldingii and pseudofieldingii 
Monestier, 1934, p. 36, pl. 4, figs. 22, 23. 

Grammoceras pseudofieldingii (Fucini). Monestier, 1934, p. 35, pl. 
4, figs. 24-26. 

Protogrammoceras? cf. P.? pseudofieldingi (Fucini). Imlay, 1968, p. 
C40, pl. 7, figs. 5-7. 

Leptaleoceras (Fieldingia) pseudofieldingi (Fucini). Wiedenmayer, 
1980, p. 123, pl. 23, fig. 31. 

Fieldingiceras fieldingii (Fucini). Braga, 1983, p. 181, pl. 7, fig. 5 
only. 


Description. —Evolute with a compressed whorl sec- 
tion bearing a sharp keel on an arched venter. The 
umbilical wall is low and steep and the flanks flat. The 
shell is smooth except for barely visible, radially ar- 
ranged and ventrally projected striations. 

Type material. —Holotype: Fucini, 1904, pl. 41, fig. 4. 

Material. —Six specimens preserved in calcareous 
sandstone of the upper Fannin Formation. 

Measurements. —See Table 39. 

Discussion.—This form differs from the nuclei of 
associated species of Arieticeras by its compressed 
whorls and lack of ornamentation to relatively large 
shell diameters. 

Occurrence. —In western Europe Fieldingiceras 
pseudofieldingii is a Tethyan species known from Italy 
(Fucini, 1904), southern France (Monestier, 1934), 
southern Switzerland (Wiedenmayer, 1980), and Spain 
(Braga, 1983) where it characterizes the lower Mar- 
garitatus Zone and its equivalents. 

Localities. —D19, D20, FT2, 106, I07. 

Age. —Kunae Zone (Late Pliensbachian). 


Genus FUCINICERAS Haas, 1913 


Eofuciniceras Cantaluppi, 1970, p. 41. 
Neofuciniceras Cantaluppi, 1970, p. 41. 


Type species. — Harpoceras lavinianum Meneghini in 
Fucini, 1900, pl. 11, figs. 6 and 7, by original desig- 
nation (Haas, 1913, p. 75). 


Table 39.—Measurements of Fie/dingiceras pseudofieldingii (Fu- 
cini, 1904). All measurements are in mm. 


Specimen wy. 
no. DMAX D UD U WWWWDWH WHD WH 


GSC 98587 c24 17 165 38.2 — — 65 38.2 — 
GS@98590! 15-4) 14°98 5:7 38:5 3.8 25:7 5.8 39:2 65.5 
GSC 99018 13.8 13.4 4.6 34.3 3.5 26.1 5.2 38.8 67.3 


Www WWD WH WHD WWWH PRHW 


5.5 28.9 6.5 34.2 84.6 10 


Remarks. —When Spath (1913) first recognized the 
genus Protogrammoceras he included a group whose 
ribs did not project onto the venter as was typical of 
Protogrammoceras. Unbeknownst to Spath, this group 
had been independently recognized by Haas (1913) and 
named Fuciniceras. Fuciniceras may also be distin- 
guished from Protogrammoceras by its less sinuous 
ribbing which is rursiradiate on the upper flank and 
the tendency to have a flat, bisulcate venter; otherwise 
the genera are very similar and obviously closely re- 
lated. 

Age and distribution. —As with Protogrammoceras, 
Fuciniceras is widely distributed but most abundant 
and diverse in the Tethyan Realm. It is restricted to 
the Pliensbachian, ranging from the upper Ibex Zone 
into the Margaritatus Zone (Géczy, 1976; Wieden- 
mayer, 1977, 1980; Meister, 1986). 


Fuciniceras cf. targionii (Fucini, 1905) 
Plate 22, figures 14, 15 


cf. Hildoceras Targionii Fucini, 1905, p. 271, pl. 44, fig. 1. 
Fuciniceras cf. targionti (Fucini). Wiedenmayer, 1980, p. 85, pl. 11, 
figs. 6, 7. 


Description. —Midvolute, moderately slowly ex- 
panding form with what appears to have been a 
subquadrate, compressed whorl section. The umbilical 
wall is high and rounds rapidly into the flat flanks. The 
venter bears a pronounced, sulcate keel. The nucleus 
of GSC 98606 (PI. 22, fig. 14) appears to be smooth 
but the ribbing on the rest of the whorls is weak on 
the lower flank becoming increasingly stronger and rur- 
siradiate on the upper flank. The sinuous trace of a 
former aperture followed by subdued ornamentation 
is evident in specimen GSC 98609 (PI. 22, fig. 15). 

Type material. —Holotype: Fucini, 1905, pl. 44, fig. 1. 

Material.—Two poorly preserved, partial internal 
molds in siltstone of the Fannin Formation. 

Discussion. —The distinctive ornamentation of the 
Queen Charlotte Islands material compares well with 
the figured material of F. targionii. The ventral features 
and whorl shape also appear to correspond, as far as 
preservation permits comparison. 

Occurrence. —F. targionii occurs in Italy (Fucini, 
1905) and the Davoei Zone of Switzerland (Wieden- 
mayer, 1980). 

Locality. —117. 

Age. —Kunae Zone (Late Pliensbachian). 
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Text-figure 38.—Traces of the septal suture for species of the Hildoceratidae at whorl heights (WH) indicated. a. Lioceratoides (Pacificeras) 
propinquum (Whiteaves, 1884) (GSC 87806, WH = 11 mm); b. Protogrammoceras (Protogrammoceras) aequiondulatum (Bettoni, 1900) (GSC 
98649, WH = 14.3 mm); c. Fuciniceras aff. intumescens (Fucini, 1901) (GSC 87801, WH = 6.2 mm); d-g. Lioceratoides (Pacificeras) propinquum 
(Whiteaves, 1884) (d. GSC 98690, WH = 5.2 mm, e. GSC 98685, WH = 10.7 mm, f. GSC 98687, WH = 17.6 mm, g. GSC 87804, WH = 
15.2 mm); h. genus and species indet. (GSC 99013, WH = 41.1 mm); i. Protogrammoceras (Protogrammoceras) skidegatense, n. sp. (Paratype 
GSC 98741, WH = 49.8 mm); j. Protogrammoceras (Protogrammoceras)? sp. (GSC 98744, WH = 7.9 mm); k,l. Protogrammoceras (Proto- 
grammoceras) cf. paltum (Buckman, 1922) (k. GSC 99017, WH = 11.1 mm, |. GSC 99015, WH = 20.9 mm); m. Leptaleoceras sp. (GSC 
98602, WH = 4.5 mm); n. Fieldingiceras pseudofieldingii (Fucini, 1904) (GSC 98590, WH 3.3. mm); o. Arieticeras disputabile (Fucini, 1908) 
(GSC 98719, WH = 4 mm). 
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Fuciniceras aff. intumescens 
(Fucini, 1901) 
Plate 22, figure 16, Text-figure 39) 


aff. Hildoceras intumescens Fucini, 1901a, p. 89, pl. 13, fig. 3; 1905, 
p. 271, pl. 43, fig. 15. 

aff. Fuciniceras? intumescens (Fucini). Venzo, 1952, pl. A, fig. 3. 

non Arieticeras intumescens (Fucini). Cantaluppi and Savi, 1968, p. 
246, pl. 21, fig. 6. 

Fuciniceras? cf. intumescens (Fucini). Imlay, 1968, p. C42, pl. 8, figs. 
1-7, 9, 10. 

Fuciniceras aff. intumescens (Fucini). Smith, Tipper, Taylor, and 
Guex, 1988, pl. 4, fig. 14. 


Description. —Evolute, slowly expanding shell with 
a compressed, elliptical whorl section bearing a simple 
keel. The ribs project forward on the lower part of the 
flank and then trend more rursiradiately on the upper 
flank; they are only weakly projected onto the venter 
where they quickly fade. 

Type material.—Holotype of Fuciniceras intumes- 
cens: Fucini, 1901a, pl. 13, fig. 3. 

Material.—Eight specimens from the upper sand- 
stone of the Fannin Formation. 

Discussion. —This material is reminiscent of speci- 
mens collected from the Nicely Formation in Oregon 
and compared with F. intumescens by Imlay (1968). 
The type specimen of F. intumescens is less com- 
pressed. 

Occurrence. — F. intumescens is known from the Up- 
per Pliensbachian of Italy. F. aff. intumescens is re- 
ported from the Upper Pliensbachian of Oregon (Im- 
lay, 1968). 

Localities. —E52, E60, 106. 

Age.—Kunae Zone (Late Pliensbachian). 


Fuciniceras sp. 
Plate 21, figures 6, 7 


Description.—These midvolute specimens have a 
compressed whorl section. The steep umbilical wall 
rounds quickly into the flanks that are subparallel in 
their lower and middle parts and thereafter convergent 
towards the venter. On the smaller specimen (PI. 21, 
fig. 7) the prominent keel is bordered by incipient sulci. 
The larger specimen has a less well preserved venter 
but the keel was evidently flanked by deep sulci pro- 
ducing an almost tricarinate effect. 

The ribs are coarse. They are weakest near the um- 
bilicus where they are gently prorsiradiate but increase 
in strength near the mid-flank where there is an in- 
flection. The ribs trend rursiradiately across the upper 
flank (markedly in the larger specimen figured on Plate 
21, fig. 6) and begin to project toward the venter but 
terminate against the sulci. 

Material.—Two incomplete specimens originating 
from the sandstones of the Fannin Formation. 


Discussion. — These fragments are assigned to Fucin- 
iceras because of the backward inflection of the ribs 
on the upper flank and the presence of a sulcate keel. 
Their strong ribs are reminiscent of species such as 
Fuciniceras targionii (Fucini) and F. lavinianum (Fu- 
cini). 

Locality. —FT2. 

Age. — Associated with ammonites of the Kunae Zone 
(Late Pliensbachian). 


Genus PROTOGRAMMOCERAS Spath, 1913 
Subgenus PROTOGRAMMOCERAS Spath, 1913 


Wrightia Gemmellaro, 1886, p. 190. 
Paltarpites Buckman, 1922, pl. 362A. 
Argutarpites Buckman, 1923, pl. 363. 
Bassaniceras Fucini, 1929, p. 63. 
Eoprotogrammoceras Cantaluppi, 1970, p. 42. 
Neoprotogrammoceras Cantaluppi, 1970, p. 42. 


Type species. —Grammoceras bassanii Fucini, 190 1a, 
p. 72, pl. 10, fig. 6 by subsequent designation (Spath, 
1919, p. 547). The type material has been refigured by 
Cantaluppi (1972). 

Remarks. —Midvolute forms with an ogival or com- 
pressed elliptical whorl section and a strongly carinate 
venter that is sometimes bisulcate. Ribs are sinuous 
and projected onto the venter. We agree with Howarth 
(1973) who points out that there is no difference be- 
tween the type material of Protogrammoceras and Pal- 
tarpites worthy of generic distinction. 

Age and distribution. —Protogrammoceras (Proto- 
grammoceras) has a wide distribution but is at its most 
abundant and diverse in the circum-Mediterranean area 
within the Tethyan Realm. It ranges from the Lower 
Pliensbachian (Ibex Zone) to the basal Toarcian. 


Protogrammoceras (Protogrammoceras) 
aequiondulatum (Bettoni, 1900) 
Plate 24, figures 7-9; Text-figures 38b, 39f,t 


Harpoceras? aequiondulatum Bettoni, 1900, p. 67, pl. 6, fig. 11. 

Grammoceras aequiondulatum Bettoni. Del Campana, 1900, p. 625, 
pl. 8, fig. 32. 

Harpoceras aequiondulatum Bettoni. Fucini, 1908b, p. 39, pl. 2, figs. 
46, 47. 

Harpoceras percostatum Fucini, 1908b, p. 37, pl. 1, fig. 29. 

Protogrammoceras aequiondulatum (Bettoni). Fucini, 1924, p. 61, 
pl. 7, figs. 12; Wiedenmayer, 1980, p. 85, pl. 11, figs. 8, 9 Braga, 
1983, p. 161, pl. 5, figs. 3-5. 

Protogrammoceras? percostatum (Fucini). Fucini, 1924, p. 57, pl. 8, 
fig. 1. 

Neoprotogrammoceras aequiondulatum (Bettoni). Ferretti,1972, p. 
116, pl. 15, fig. 3. 

(?)Argutarpites cf. Aequiondulatum (Bettoni). Dubar and Mouterde, 
1978, p. 63. 

Protogrammoceras percostatum (Fucini). Wiedenmayer, 1980, p. 88, 
pl. 12, figs. 10-12. 


64 BULLETIN 348 


Table 40.—Measurements of Protogrammoceras (Protogrammoceras) aequiondulatum (Bettoni, 1900). All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 98649 — _ c21 = 

= = 8 ES 
GSC 98734 c42 35 10 28.6 
GSC 98735 28.5 28.5 18 28.1 


Description. —An involute, rapidly expanding form 
with compressed whorls. The umbilical wall is low, the 
flanks flat to weakly convex, and the narrow venter is 
arched. The ribs are simple, sinuous and strongly pro- 
jected onto the venter. Rib frequencies are high with 
a tendency for the ribs to become flat-topped with 
growth. 

Type material. —Holotype: Bettoni, 1900, pl. 6, fig. 
ate 

Material. — Five specimens and numerous fragments 
preserved in calcareous sandstone of the upper Fannin 
Formation. 

Measurements. —See Table 40. 

Discussion. —Most of the figured specimens of Pro- 
togrammoceras (P.) aequiondulatum are small, of the 
diameter of the specimens illustrated as figures 7 and 
9 on Plate 24. The larger specimen (PI. 24, fig. 8) shows 
that ribbing style changes with growth to resemble the 
similarly involute species Protogrammoceras percos- 
tatum which is recognized as a subjective junior syn- 
onym by Braga (1983). 

P. (P.) aequiondulatum is more involute and rapidly 
expanding than other species of Protogrammoceras 
found in the Queen Charlotte Islands with the excep- 
tion of P. (P.)? sp. which is more coarsely ribbed. 

Occurrence. —P. (P.) aequiondulatum is a Tethyan 
species found in Italy, Spain, and possibly Morocco 
where it is characteristic of the Upper Pliensbachian 
(Dubar and Mouterde, 1978; Wiedenmayer, 1980; 
Braga, 1983). 

Localities. —B06, ET5, E62, E63. 

Age. —Carlottense Zone (Late Pliensbachian). 


Protogrammoceras (Protogrammoceras)? sp. 
Plate 23, figures 1-3; Text-figures 38j, 39c 


Harpoceras cf. exaratum (Young and Bird). Frebold, 1964a, p. 16, 
pl. 6, fig. 3 only. 


ww WWD WH WHD  WWWH  PRHW 
25 = 47 = 53.2 = 
= = = a = 23 
8.5 24.3 15.5 44.3 54.8 24 
7.4 26.0 12.2 42.8 60.7 24 


Description.—Midvolute to involute, rapidly ex- 
panding forms with a compressed whorl section. The 
umbilical wall rounds rapidly into the gently convex 
flanks that converge weakly towards the venter that 
bears a simple, pronounced, blunt keel. Ornamenta- 
tion is strong throughout growth and falcoid in trend. 
Where the ribs project onto the venter on some parts 
of the shell, short and much weaker intercalated ribs 
are present. 

Material. —Three specimens preserved in calcareous 
sandstone of the upper Fannin Formation. 

Measurements. —See Table 41. 

Discussion. —These forms possibly belong to the ge- 
nus Protogrammoceras on the basis of the trajectory 
of their simple ribs. Ribbing is quite strong and al- 
though there are parallels, such as in Protogrammo- 
ceras celebratum, the Queen Charlotte material is no- 
tably more involute. 

Localities. —ET5, E62, E63. 

Age. —Carlottense Zone (Late Pliensbachian). 


Protogrammoceras (Protogrammoceras) kurrianum 
(Oppel, 1862) 
Plate 24, figures 5, 6; Text-figure 39g 


Ammonites kurrianus Oppel, 1862, p. 136, pl. 42, fig. 3; Quenstedt, 
1883, p. 421, pl. 53, fig. 12. 

Argutarpites argutus Buckman, 1923, pl. 363. 

Harpoceras densecapillatum Fucini, 1924, p. 53, pl. 6, figs. 12, 13. 

Polyplectus kurrianus (Oppel). Monestier, 1934, p. 90, pl. 5, figs. 12, 
23; pl. 10, figs. 1, 17; pl. 11, figs. 3, 22. 

Paltarpites cf. argutus (Buckman). Imlay, 1968, p. 37, pl. 5, figs. 20- 
22, 24, 25. 

Paltarpites argutus (Buckman). Frebold, 1970, p. 444, pl. 4, figs. 8- 
10; Hillebrandt, 1987, pl. 5, fig. 2. 

Protogrammoceras cf. P. argutum (Buckman). Imlay, 1981, p. 41, 
pl. 11, fig. 14. 

Paltarpites sp. Pérez, 1982, pl. 19, fig. 6. 

Protogrammoceras pectinatum (Meneghini, 1881). Smith, Tipper, 
Taylor, and Guex, 1988, pl. 5, fig. 12. 


Table 41.—Measurements of Protogrammoceras (Protogrammoceras) sp. All measurements are in mm. 


specimen no. DMAX DPHRAG D UD 

GSC 98745 26.0 — 26.0 5.7 21 
GSC 98744 27.0 - 2iIkO 6.0 22 
GSC 99016 c41.0 - 35.0 9.4 26 


~ 
Sa 


oN 


ww WWD WH WHD WWWH PRHW 
Wer 29.6 12.5 48.1 61.6 17 
- — 12.6 45.2 = 21 
9.0 25.7 15.0 42.9 60.0 17 
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Text-figure 39.—Whorl shape cross-sections for species of the Harpoceratinae. Figures are natural size. a,s. Lioceratoides (Lioceratoides) 
allifordense (McLearn, 1930) (a. GSC 98736, s. GSC 98641); b,d,e. Protogrammoceras (Protogrammoceras) cf. paltum (Buckman, 1922) (b. 
GSC 99017, d. GSC 98697, e. GSC 98746); c. Protogrammoceras (Protogrammoceras)? sp. (GSC 98745); f,t. Protogrammoceras (Protogram- 
moceras) aequiondulatum (Bettoni, 1900) (f. GSC 98735, t. GSC 98649); g. Protogrammoceras (Protogrammoceras) kurrianum (Oppel, 1862) 
(GSC 87808); h. Protogrammoceras (Protogrammoceras) skidegatense, n. sp. (Paratype GSC 98739); i. Protogrammoceras (Matteiceras) cf. 
diornatum Domergues et al., 1985 (GSC 99014); j. Fuciniceras aff. intumescens (Fucini, 1901) (GSC 87801); k,o. Lioceratoides (Pacificeras) 
angonius (Fucini, 1931) (k. GSC 98611, 0. GSC 98732); l,m. Tiltoniceras antiquum (Wright, 1882) (1. GSC 98731, m. GSC 98716); n,q. 
Lioceratoides (Pacificeras) propinquum (Whiteaves, 1884) (n. GSC 87804, q. GSC 87806); p. Lioceratoides (Lioceratoides) involutum, n. sp. 


(Paratype GSC 98644); r. Lioceratoides sp. juv. (GSC 98642). 


Protogrammoceras (Paltarpites) kurrianus (Oppel, 1862). Meister, 
1989, p. 41, pl. 8, figs. 1, 2. 

Protogrammoceras (Protogrammoceras) kurrianum (Oppel). Ho- 
warth, 1992, p. 60, pl. 3, figs. 2, 3. 


Description. —Midvolute form with a compressed 
whorl section. The umbilical wall is low and the flanks 
weakly convex, converging towards a narrow venter 
bearing a high, simple keel. Ornamentation 1s fine and 
dense having a flat-topped appearance on most larger 
whorls. The largest specimen in the collection is in- 
complete but had an estimated diameter of at least 200 
mm. Its last quarter whorl, which is apparently non- 
septate, is very weakly and densely ribbed. All ribs 
have a sinuous trend with a strong projection onto the 
venter. 

Type material. —Holotype: Oppel, 1862, fig. 3. Re- 
figured by Fischer (1975, pl. 2, fig. 5) and Schlegelmilch 
(1976, pl. 42, fig. 5). 


Material. —Six incomplete specimens preserved in 
calcareous sandstone of the upper Fannin Formation. 

Measurements. —See Table 42. 

Discussion. —According to Howarth (1992), P. (P.) 
kurrianum is a senior subjective synonym of P. (P.) 
argutum (Buckman) and P. (P.) densecapillatum (Fu- 
cini). P. (P.) kurrianum is more evolute and slowly 
expanding than other species of Protogrammoceras 
from the Queen Charlotte Islands with the exception 
of P. (P.)? sp. whose ribs are coarser, less densely spaced 
and strongest on the upper part of the flank. 

Occurrence. —Protogrammoceras (P.) kurrianum is 
widely distributed in Europe where it is characteristic 
of Margaritatus and Spinatum zones. In the Americas 
it is known from the Upper Pliensbachian of Chile 
(Pérez, 1982: Hillebrandt, 1987), Oregon (Imlay, 1968), 
northern British Columbia (Frebold, 1970; Thomson 
and Smith, 1992), and Alaska (Imlay, 1981). 
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Table 42.—Measurements of Protogrammoceras (Protogrammoceras) kurrianum (Oppel, 1862). All measurements are in mm. 


specimen no. DMAX D UD U ww WWD WH WHD WWWH PRHW 

GSC 87808 c90 84 24 28.6 cl7 20.2 34.3 40.8 49.6 38 
— _ 15 — _ _ — _ — 36 

GSC 98733 c73 c70 PIES} 30.7 - _ _ — - c44 
— = 10 _ _ = - ~ - 23 


Localities. —D24, ET5, E67, E68. 
Age. —Carlottense Zone (Late Pliensbachian). 


Protogrammoceras (Protogrammoceras) cf. paltum 
(Buckman, 1922) 
Plate 24, figures 1-4; Text-figures 38k-l, 39b,d,e 


cf. Paltarpites paltus Buckman, 1922, pl. 362A. 

Harpoceras cf. exaratum (Young and Bird). Frebold, 1964a, p. 16, 
pli6; figs: 1,45. 

Paltarpites paltus Buckman. Frebold, 1970, p. 443, pl. 4, figs. 5-7. 

Protogrammoceras cf. P. paltum (Buckman). Imlay, 1981, p. 41, pl. 
IDS Ags alley 2: 

cf. Protogrammoceras (P.) paltum Buckman. Howarth, 1992, p. 57, 
pl. 1, figs. 1-3; pl. 2, figs. 1,3; Text-figure 11. 


Description.-The specimens available are small, in- 
complete individuals that are midvolute (U=c25) with 
compressed whorls bearing broad sinuous ribs that 
project onto the venter where there is a pronounced, 
simple keel. 

Type material. —Holotype: Buckman, 1922, pl. 
362A. 

Material. — Fourteen specimens preserved in calcar- 
eous sandstone of the upper Fannin Formation. 

Discussion. — Because of their small size, it is difficult 
to identify these specimens with confidence. They are 
similar to other poorly preserved specimens from the 
Upper Pliensbachian of North America that have been 
compared with P. pa/tum in the past (Frebold, 1970; 
Imlay, 1981; Thomson and Smith, 1992). 

Occurrence. — Protogrammoceras (P.) paltum is 
widespread in Europe, particularly in the south, where 
it ranges in age from the Margaritatus Zone into the 
basal Toarcian (Howarth, 1992). In North America it 
has been reported from the Upper Pliensbachian of 
northern British Columbia (Frebold, 1970; Thomson 
and Smith, 1992), Alaska (Imlay, 1981), and Arctic 
Canada (Hall and Howarth, 1983). The species has not 
yet been recorded from the conterminous United States 
or South America. 

Localities. —D24-D27, ET5, E62, E63, E65, E66, 
103. 

Age. —Carlottense Zone (Late Pliensbachian) to ear- 
ly Toarcian. 


Protogrammoceras (Protogrammoceras) skidegatense, 
new species 
Plate 25, figures 1-3: Text-figures 38i, 39h 


Paltarpites sp. indet. Sey and Kalacheva, 1980, p. 69, pl. 3, figs. 1, 
2(?). 


Description. —This species reaches a large size as il- 
lustrated in Plate 25, figure 3. The largest specimen in 
the collection, which is incomplete and almost wholly 
septate, reaches an estimated shell diameter of 260 
mm. The shell is midvolute and rapidly expanding 
with a compressed whorl section. The umbilical wall 
is low and rounded, the flanks flat, and the narrow 
venter bears a prominent keel. 

Ornamentation is strongest on the inner whorls where 
it consists of broad flat-topped to weakly rounded ribs 
that are prorsiradiate on the lower flank but arch back- 
ward on the upper flank; they project strongly onto the 
venter. At umbilical diameters of about 20 mm, the 
ribbing weakens, increases in density and is notably 
flat-topped. Large whorls, which show some indication 
of egression, are smooth. 

Type material. — Holotype: specimen GSC 98740 (Pl. 
25, fig. 2). Paratypes: specimens GSC 98739 (Pl. 25, 
fig. 3) and GSC 98741 (PI. 25, fig. 1). 

Material. —Nine specimens preserved in calcareous 
sandstone of the upper Fannin Formation. 

Measurements. —See Table 43. 

Derivation of name.—From Skidegate Inlet, sepa- 
rating Moresby and Graham islands, where the spec- 
imens originate. 

Discussion. — This species is included in Protogram- 
moceras rather than Lioceratoides because its ribbing 
is consistently simple. The weakness and density of the 
ribbing on the outer whorls are reminiscent of Proto- 
grammoceras kurrianum (a synonym of P. argutum) 
and allied forms which some workers assign to the 
genus or subgenus Pal/tarpites. The rapidly expanding, 


Table 43.— Measurements of Protogrammoceras (Protogrammo- 
ceras) skidegatense, new species. All measurements are in mm. 


specimen no. DMAX UD ww WH WWWH PRHW 
GSC 98739 c190 46 35:3 60.4 58.4 0 


= 28 23 42 54.8 — 
- 9 — _ — 20 
GSC 98740 c125 37 c26.5 c46 57.6 — 
— 14 — _ — 35 
GSC 98741 c135 41 30 59.4 c50.5 — 
=e 17 = = — c26 
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fairly involute and compressed shell together with the 
change of ribbing styles during ontogeny, however, set 
P. skidegatense apart from all these species. 

Occurrence. —In North America this species is only 
presently known from the Queen Charlotte Islands 
where it is restricted to the Carlottense Zone. It is also 
known from the uppermost Pliensbachian of eastern 
Russia (Sey and Kalacheva, 1980). 

Localities. —D24, D25, E63. 

Age. —Carlottense Zone (Late Pliensbachian). 


Subgenus MATTEICERAS Wiedenmayer, 1980 


Type species. —Ammonites nitescens Y oung and Bird, 
1828, p. 257 by original designation (Wiedenmayer, 
1980, p. 124). 

Remarks.—Ribs are coarse and strongest on the 
middle and upper parts of the flanks where tubercles 
may develop on the ventro-lateral shoulder. The oc- 
currence of this subgenus in Europe is documented by 
Wiedenmayer (1980), Dommergues and Mouterde 
(1980), Dommergues et a/. (1985), and Howarth (1992). 

Age and distribution. — A group originating in Tethys 
that made early incursions into northwest Europe where 
endemic species evolved. The subgenus is character- 
istic of the Margaritatus Zone. 


Protogrammoceras (Matteiceras) cf. diornatum 
Dommergues, Meister and Faure, 1985 
Plate 23, figures 5—7; Text-figure 391 


cf. Harpoceras volubile (Fucini). Monestier, 1934, p. 83, pl. 1, figs. 
4, 5, 20, 28. 

Protogrammoceras gr. isseli (Fucini). Dommergues and Mouterde, 
1980, pl. 1, figs. 18-20. 

Protogrammoceras intermediate between P. isseli (Fucini) and P. 
monestieri (Fischer). Dommergues and Mouterde, 1980, pl. 3, figs. 
1-3. 

cf. Protogrammoceras (Matteiceras) diornatum Dommergues, Meis- 
ter, and Fauré, 1985, p. 159, pl. 1, fig. 2; pl. 2, fig. 2; pl. 3, fig. 1. 


Description. —Evolute form (U=c33) with a low ex- 
pansion rate. The whorls are compressed with a low, 
steep umbilical wall, flat flanks and a broad venter 
bearing a pronounced, simple keel. The ribs are only 
weakly sinuous. They begin part way up the flank, are 
gently rursiradiate on the upper flank and weakly pro- 
jected onto the venter where they fade before reaching 
the keel. 

Type material.—Dommergues et al., 1985; Holo- 
type: pl. 2, fig. 2; paratypes: pl. 1, fig. 2, pl. 3, fig. 1. 

Material.—Three incomplete specimens preserved 
in calcareous sandstone of the upper Fannin Forma- 
tion. 

Discussion. —This species differs from all other spe- 
cies of Protogrammoceras from the Queen Charlotte 
Islands by being the most evolute and in having its 


ornamentation confined to the middle and upper part 
of the flank. 

Detailed studies of the evolution of Protogrammo- 
ceras based on large samples assembled by Dom- 
mergues and Mouterde (1980) and Dommergues et al. 
(1985) indicate an early appearance (Margaritatus Zone) 
of an eventually stout ribbed group whose ribs trend 
rursiradiately on the upper flank and often bear tu- 
bercles on the ventro-lateral shoulder. These species 
are accommodated in the subgenus Matteiceras (Dom- 
mergues ef al., 1985); included is the species Proto- 
grammoceras (M.) monestieri, thought to be derived 
from the densely ribbed Protogrammoceras (P.) isseli. 
The three specimens from the Queen Charlotte Islands 
compare most favorably with forms intermediate be- 
tween P. (P.) isseli and P. (M.) monestieri as illustrated 
by Dommergues and Mouterde (1980). These inter- 
mediate forms were subsequently included in the spe- 
cies P. (Matteiceras) diornatum. The designated ho- 
lotype for this species (Dommergues ef al., 1985, pl. 
2. fig. 2) has developed a strongly sulcate keel and fairly 
fexuous ribbing but at a shell diameter larger than any 
of the Queen Charlotte Islands specimens. Because of 
the discrepancy in size, a more confident species as- 
signment will have to await the collection of larger and 
better preserved specimens. 

Occurrence. —Protogrammoceras (Matteiceras) 
diornatum is known from the Margaritatus Zone of 
Switzerland, southern France, and Portugal. 

Localities. —D20, FT2, I06. 

Age. —Kunae Zone (Late Pliensbachian). 


Genus and species indet. 
Plate 23, figure 4; Text-figure 38h 


Description. —A large, completely septate specimen 
that had a shell diameter in excess of 160 mm. The 
shell is evolute, expands fairly slowly and has a com- 
pressed whorl section (WWWH=c5S58). The umbilical 
wall is almost vertical, the umbilical shoulder pro- 
nounced and the flanks fairly flat. The arched venter 
bears a pronounced simple keel. 

Ribs arise at the umbilical shoulder where, on most 
whorls, they merge and are weakly swollen. On the 
outer half whorl, the ribs fade on the lower part of the 
flank. Ribs are rectiradiate, gently sinuous on the flank 
and strongly projected onto the venter. 

Material. —One internal mold from the upper Fan- 
nin Formation. 

Discussion. —This specimen was not found in place 
but it occurred with many float Kunae Zone ammo- 
nites adjacent to in situ material; the possibility of it 
being derived from elsewhere in the section is consid- 
ered remote. It could bea species of Protogrammoceras 
except for the fusing and swelling of ribs on the um- 
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Table 44.—Measurements of Lioceratoides (Lioceratoides) allifordense (McLearn, 1930). All measurements are in mm. 


specimen no. DMAX D UD U 

GSC 9053 c76.3 c76.3 23:5; 30.8 
_ 24.1 - - 

GSC 98641 45 45 152 24.9 


ww WWD WH WHD WWWH 
14.3 18.7 32.3 42.3 44.3 
c5.0 20.7 11.3 46.8 44.2 
c9'5 21.1 20 44.4 c47.5 


bilical shoulder. More material whose stratigraphic po- 
sition is unequivocal must be collected before the af- 
finities of this form can be properly assessed. 
Locality. —FT2. 
Age. —Probably from the Kunae Zone. 


Genus LIOCERATOIDES Spath, 1919 
Subgenus LIOCERATOIDES Spath, 1919 


Platyharpites Buckman, 1927, pl. 698. 

Praeleioceras Fucini, 1929, p. 71. 

Nagatoceras Matsumoto in Matsumoto and Ono, 1947, p. 28. 
Neolioceratoides Cantaluppi, 1970, p. 40. 


Type species. —Leioceras? Grecoi Fucini, 190 1a, p. 
91, pl. 11, figs. 4, 5, by original designation (Spath, 
1919, p. 174). 

Remarks. —Species of Lioceratoides are keeled, mid- 
volute to involute forms with compressed whorl sec- 
tions. Ribbing is falcoid or sinuous, sometimes irreg- 
ular, and on early whorls shows strong primary and 
weaker secondary ribs; outer whorls may be smooth. 
See the remarks under Pacificeras. 

Age and distribution. — Lioceratoides is a Tethyan 
genus most characteristic of the Upper Phensbachian 
but it ranges into the Lower Toarcian (Guex, 1973; 
Wiedenmayer, 1980; Donovan et a/., 1981). The genus 
is also known in southern Japan (Hirano, 1971) and 
in Russia near Vladivostok (as Protogrammoceras cf. 
serotinum, in Sey and Kalacheva, 1980). 


Lioceratoides (Lioceratoides) allifordense 
(McLearn, 1930) 
Plate 26, figures 5, 6, 9-11; Text-figure 39a,s 


Harpoceras allifordense McLearn, 1930, p. 4, pl. 2, fig. 1; McLearn, 
1932, p. 65, pl. 5, figs. 1-3; Frebold, 1964b, pl. 8, fig. 5 (holotype 
refigured). 


Description. —Midvolute form with compressed 
whorls bearing a pronounced, flat-topped keel. The 
umbilical wall is low and steep, the flanks flat, and the 
venter gently arched. 

The innermost whorls bear coarse primary ribs and 
finer secondary ribs that arise by bifurcation and in- 
tercalation. At umbilical diameters greater than ap- 
proximately 4 mm the complex ribbing gives way to 
broad flat-topped ribs that are flexuous on the flanks 
and strongly projected onto the venter. At umbilical 


diameters greater than approximately 10 mm, the ribs 
fade and the shell becomes smooth except for growth 
lines. 

Type material.—Holotype: McLearn, 1932, pl. 5, 
figs. 1-3. Refigured herein, Pl. 26, fig. 9. 

Material. —Twenty-one specimens preserved in 
sandstone of the upper Fannin Formation. 

Measurements. —See Table 44. 

Discussion. —This species is placed in Lioceratoides 
(Lioceratoides) because of its ontogenetic sequence of 
ornamentation change and its fairly involute, com- 
pressed shell. The ornamentation is more pronounced 
and the shell less involute than in L. (L.) involutum. 
In L. (L.) maurelli, the shell is less compressed and the 
ribbing more persistent. L. (L.) cf. grecoi has a less 
compressed whorl section, the ribs are coarser, and the 
division into primaries and secondaries occurs at larger 
shell diameters. 

Occurrence. —L. (L.) allifordense has only been re- 
corded from the Queen Charlotte Islands. 

Localities. —DT2, D24, D26, E62, E65-68, 103. 

Age. —Carlottense Zone (Late Pliensbachian) to ear- 
ly Toarcian. 


Lioceratoides (Lioceratoides) cf. grecoi 
(Fucini, 190 1a) 
Plate 27, figures 1, 2 


cf. Leioceras? Grecoi Fucini, 1901a, p. 91, pl. 11, figs. 4, 5. 

cf. Praeleioceras grecoi Fucini. Fucini, 1931, p. 104, pl. 21, fig. 12. 

(?)Lioceratoides grecoi (Fucini). Cantaluppi and Savi, 1968, p. 253, 
pl. 22, figs. 7, 8. 

cf. Lioceratoides grecoi (Fucini). Wiedenmayer, 1980, p. 90, pl. 14, 
fig. 1. 


Description. —Midvolute forms with an oval whorl 
section. The umbilical wall is low and steep, the flanks 
are gently rounded and the arched venter bears a pro- 
nounced, simple keel. Ribbing is irregular in strength 
and consists of simple flexuous ribs mixed with stout 
primaries that divide into two secondaries low on the 
flank. The primaries are prosiradiate and the second- 
aries rursiradiate. 

Type material. — Holotype: Leioceras? grecoi Fucini, 
1901a, pl. 11, fig. 4. 

Material.—Two specimens preserved in sandstone 
of the upper Fannin Formation. 

Discussion. — These specimens show the volution and 
ribbing style of L. (L.) grecoi but they are too small to 
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Table 45.— Measurements of Lioceratoides (Lioceratoides) involutum, new species. All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 98644 c58 39.5 6.8 17.2 
GSC 98716 45.8 45.8 9.2 20.1 
GSC 98705 22.2 DED. 4.1 18.5 
= = sh) = 


be identified with confidence. At shell diameters great- 
er than the Queen Charlotte Islands material, L. (L.) 
grecoi characteristically undergoes a loss of ornamen- 
tation and a modest compression of the whorl section. 

Occurrence. —L. (L.) grecoi is a Tethyan species re- 
corded from the Spinatum Zone of Italy (Wiedenmay- 
er, 1980). 

Localities. —ET5, E62. 

Age. —Carlottense Zone (Late Pliensbachian). 


Lioceratoides (Lioceratoides) involutum, 
new species 
Plate 26, figures 2-4; Text-figure 39p 


Description. —An involute compressed form with a 
steep umbilical wall that rounds abruptly into the 
weakly convergent, flat flanks. The venter bears a 
prominent, simple keel. Ornamentation is subdued and, 
to an umbilical diameter of approximately 8 mm, con- 
sists of forwardly inclined primaries and numerous 
secondaries that arise almost halfway up the flank, arch 
across the upper flank, and project weakly onto the 
venter. At larger diameters only fine growth lines are 
evident. A smooth aptychus valve is present in the 
incomplete body chamber of the holotype (PI. 26, fig. 
4c). 

Type material. — Holotype: GSC 98716 (Pl. 26, fig. 
4). Paratypes: GSC 98644 (PI. 26, fig. 2), GSC 98705 
(Pl. 26, fig. 3). Preserved in calcareous sandstone of 
the upper Fannin Formation. There are no other spec- 
imens. 

Measurements. —See Table 45. 

Derivation of name.—In reference to the involute 
shell. 

Discussion. — This new species differs from all other 
species of Lioceratoides (Lioceratoides) by its involute 
shell and fine ornamentation. The most similar species 
is Lioceratoides (L.) naumachensis (Fucini, 1929) from 
the uppermost Pliensbachian (Emaciatum Zone) of 
Spain and elsewhere in southern Europe (Braga, 1983). 


Table 46.— Measurements of Lioceratoides (Lioceratoides) mau- 
relli (McLearn, 1930). All measurements are in mm. 


specimen no. DMAX UD ww WH WWWH 
GSC 9052 c72 19.2 cl9 33 c57.6 


Www WWD WH WHD WWWH 
10.1 25.6 20.0 50.6 50.5 
11.5 25.1 21.6 47.2 53.2 
_ _- 11.4 51.4 - 
4.8 - 8 _ 60.0 


The European species differs by being less involute, 
more compressed and with ribbing persisting to larger 
shell diameters. 

Occurrence. —This species has only been collected 
from the Upper Pliensbachian of the Queen Charlotte 
Islands. 

Localities. —ET5, E62. 

Age. —Carlottense Zone (Late Pliensbachian). 


Lioceratoides (Lioceratoides) maurelli 
(McLearn, 1930) 
Plate 26, figure 1 


Harpoceras maurelli McLearn, 1930, p. 4, pl. 1; 1932, p. 63, pl. 7, 
figs. 4-6. 


Description.—A midvolute species with a com- 
pressed whorl section bearing a pronounced keel. On 
the innermost whorls there are broadly spaced primary 
ribs dividing into two secondary ribs. On later whorls 
the ribs are sinuous and strongly projected onto the 
venter. Ribbing becomes more flat-topped and weaker 
with growth. 

Type material.—A single incomplete, septate spec- 
imen, the holotype (GSC 9502), preserved in sandstone 
of the upper Fannin Formation. 

Measurements. —See Table 46. 

Discussion.—This species was established by Mc- 
Learn (1930, 1932) based on a single specimen and 
unfortunately no more specimens have been collected 
since. We place the species in Lioceratoides because of 
the style and ontogenetic changes seen in the ribbing, 
although the coiling is a little more evolute and the 
whorl section somewhat less compressed than is nor- 
mally the case for this genus. 

Occurrence. —This specimen was collected by 
McLearn from a stratigraphic interval that spans the 
Pliensbachian-Toarcian boundary as discussed in the 
biostratigraphy section (Text-fig. 10); its precise age is 
uncertain. 

Locality. —DT2. 

Age. —Carlottense Zone (Late Pliensbachian) or Ear- 
ly Toarcian. 


Lioceratoides (Lioceratoides) sp. juv. 
Plate 26, figures 7, 8; Text-figure 39r 


Harpoceras sp. A. McLearn, 1932, p. 66, pl. 7, figs. 1, 2. 
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Table 47.— Measurements of Lioceratoides (Lioceratoides) sp. juv. All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 98642 PITS) 2207 6 26.4 
GSC 6489 29.6 25 6.8 DTD 


Description. —Midvolute, rapidly expanding form 
with an ogival whorl section. The umbilical wall is low 
and very steep; the flanks are flat; and the arched venter 
bears a prominent, simple keel. The nucleus has blunt, 
widely spaced primaries bearing two rursiradiate sec- 
ondaries. At umbilical diameters of 5 mm or so, the 
ribbing becomes simple, densely spaced, falcoid and 
flat-topped. 

Material. — Four small specimens in sandstone of the 
upper Fannin Formation. 

Measurements. —See Table 47. 

Discussion. — This form was first figured by McLearn 
(1932) based on a single specimen collected in Whit- 
eaves Bay (section D) that McLearn interpreted as an 
immature Harpoceras; the specimen is refigured here 
(Plate 26, figure 7). The presence of primary and sec- 
ondary ribs at an early ontogenetic stage together with 
its now proven geological age (preceding Harpoceras) 
suggest that Lioceratoides is a more appropriate generic 
assignment. Because of its small size, it cannot be con- 
fidently identified to the species level; it does not ap- 
pear to be similar to the nuclei of any of the other 
species of Lioceratoides (L.) described in this report. 

Occurrence. —Similar but not identical ammonites 
have been collected from the Upper Pliensbachian of 
Oregon and California and figured as Harpoceras? sp. 
by Imlay (1968). 

Localities. —-DT2, D26, ETS, E67. 

Age. —Carlottense Zone (Late Pliensbachian) to ear- 
ly Toarcian. 


Subgenus PACIFICERAS Repin, 1970 


Type species. —Schloenbachia propinqua Whiteaves, 
1884, p. 274, pl. 33, fig. 2, by original designation 
(Repin, 1970, p. 42). 

Remarks. —Repin (1970) originally established Pa- 
cificeras as a subgenus of Ovaticeras to accommodate 
Toarcian forms from Russia that have been placed in 
Tiltoniceras antiquum (Wright, 1882) by Howarth 
(1992). Schloenbachia propinqua Whiteaves, 1884, 
from the Queen Charlotte Islands (on which Pacificeras 
is based) has been reevaluated here because it appears 
to have a bearing on the evolutionary relationships 
between the genera Lioceratoides, Tiltoniceras, and 
Protogrammoceras. Pacificeras, Lioceratoides and Til- 
toniceras accommodate forms that are all characterized 


ww WWD WH WHD WWWH PRHW 
24.2 9'5 41.9 57.9 20 
24.0 c10.3 41.2 58.3 c20 


by a strong simple keel but otherwise represent a mor- 
phological spectrum with Pacificeras occupying the 
middle ground. 

Lioceratoides consists of midvolute to involute, rap- 
idly expanding forms with compressed whorls. The 
ornamentation passes through as many as three stages 
during ontogeny: (1) irregular primary ribs with bifur- 
cating or bundled secondaries on the inner whorls; (2) 
simple, falcoid, projected and often flattened ribs on 
intermediate or outer whorls; (3) on some forms the 
falcoid stage is brief or absent and the shell becomes 
smooth. 

Forms accommodated in Pacificeras are less invo- 
lute and less compressed than forms assigned to Lio- 
ceratoides. The inner whorls have ribs divided into 
short primaries and weaker secondaries. At smaller 
shell diameters than in Lioceratoides the ornamenta- 
tion simplifies into weak, single ribs and the shell rap- 
idly becomes smooth. 

Like Pacificeras, Tiltoniceras is less involute and less 
compressed than Lioceratoides but ribs are never di- 
vided into primaries and secondaries. Simple, flexu- 
ous, projected ribs characterize the inner whorls where- 
as outer whorls are smooth or striate. 

Age and distribution. —In North America, Pacificer- 
as, Lioceratoides, and Tiltoniceras have similar strati- 
graphic distributions. In the lower part of their ranges, 
they co-occur with species of Fanninoceras and Amal- 
theus (Smith et al., 1988; Thomson and Smith, 1992) 
indicating a late Pliensbachian age and representing 
the earliest records for Tiltoniceras and Pacificeras. In 
the upper part of their ranges above Fanninoceras and 
Amaltheus, they co-occur with species of Dactylioceras 
indicating an early Toarcian age (Smith ef al., 1988; 
Tipper et al., 1991; Jakobs et al., 1994b). Elsewhere, 
Lioceratoides occurs throughout the Tethyan Realm 
where it is most characteristic of the late Pliensbachian 
although the last representatives occur in the basal 
Toarcian (Guex, 1973; Wiedenmayer, 1980). In con- 
trast, Ti/toniceras 1s restricted to higher latitudes where 
it appears cryptically in the basal Toarcian of Russia 
and northwest Europe (Howarth, 1992). We suggest 
that 7i/toniceras evolved in the northeast Pacific dur- 
ing the late Pliensbachian, not directly from Proto- 
grammoceras, but indirectly via Lioceratoides and Pa- 
cificeras. 
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Table 48.— Measurements of Lioceratoides (Pacificeras) angionus (Fucini, 1931). All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 98611 c53 47 11.5 24.5 
GSC 99045 c98 76.2 26.7 35.0 
= = 12 = 
GSC 98634 c56 45 12.5 27.8 
GSC 98640 47 43 12.0 27.9 
GSC 98732 82 65.2 16.5 25.3 
MEAN — — — 28.1 
SL DEV: _ = = 4.1 


ww WWD WH WHD WWWH 
- - 20.5 43.6 _ 
19.4 25.5 27.2 35:7 TES 
11.3 _ 19 _ 5935) 
11.8 26.2 cl9 42.2 62.1 
10.3 24.0 17.0 39.5 60.1 
15.8 24.2 27.9 42.8 56.6 
- 25.0 - 40.8 61.9 
- AL _ 3:2 5.6 


Lioceratoides (Pacificeras) angionus 
(Fucini, 1931) 
Plate 27, figures 3-7; Text-figure 39k,o 


Praelioceras angionum Fucini, 1931, p. 107, pl. 12, figs. 1-5. 
Lioceratoides angionus (Fucini). Guex, 1973, p. 507, pl. 1, fig. 5. 


Description. —A midvolute to evolute form charac- 
terized by its compressed whorl section that becomes 
subquadrate with growth. The umbilical wall is steep 
and rounds abruptly into the flat flanks which are weak- 
ly convergent towards the venter until umbilical di- 
ameters of approximately 10 mm after which they are 
almost parallel. 

The broad, flat venter bears a prominent, stout keel. 
Ornamentation is weak consisting of prorsiradiate pri- 
maries that divide irregularly into two or three weaker 
secondary ribs that arch across the upper flank but fade 
near the ventro-lateral shoulder. On the smaller figured 
specimens the ribbing has faded to simple growth lines 
but on the two larger specimens (PI. 27, figures 4 and 
7) ribbing persists to larger shell diameters. Specimen 
98732 (Pl. 27, figure 7) is completely septate but spec- 
imen 99045 (PI. 27, figure 4) has part of a body cham- 
ber that is beginning to egress. 

Type material.—Lectotype: Fucini, 1931, pl. 12, fig. 
Ne 

Material. —Nine specimens in calcareous sandstone 
of the upper Fannin Formation. 

Measurements. —See Table 48. 

Discussion.—This species differs from L. (P.) pro- 
pinquum in its whorl shape, notably the steep umbilical 
wall, parallel flanks and tabulate venter. 

There are no firm criteria amongst the collection for 
judging maturity but it is postulated that the larger 
figured specimens represent incomplete macroconchs. 
This question can only be resolved when appropriately 
well preserved material is collected. 

The specimens of L. (P.) angionus that have been 
illustrated in the literature (see synonymy) are all small 
(up to 40 mm or so shell diameter) so that comparisons 
with the Queen Charlotte Islands fauna are difficult. 
The smaller Canadian specimens (PI. 27, figures 3, 5, 


6), with their irregular ribbing quickly declining to 
growth lines and their steep umbilical wall, compare 
reasonably well, however. 

Occurrence.—L. (P.) angionus is known from the 
Upper Phensbachian of Italy (Fucini, 1931) and the 
lowest Toarcian of Morocco (Guex, 1973). 

Localities. —D24, ETS, E65, E67, E68. 

Age. —Carlottense Zone (Late Pliensbachian). 


Lioceratoides (Pacificeras) propinquum 
(Whiteaves, 1884) 
Plate 28, figures 1-11; Plate 29, figure 1; 
Text-figures 38d-g, 39n,q 


Schloenbachia propinqua Whiteaves, 1884, p. 247; 1900, pl. 33, figs. 
2 and 2a. 

Harpoceras propinquum (Whiteaves). McLearn, 1930, p. 4; 1932, p. 
66, pl. 6, figs. 1-4; pl. 7, fig. 3; Shimer and Schrock, 1944, pl. 240, 
figs. 13, 14; Frebold, 1964b, pl. 8, figs. 4, 6, 7. 

(?) Harpoceras sp. juvenile. Frebold, 1964a, p. 16, pl. 6, figs. 6, 7 
only. 

non Ovaticeras propinquum (Whiteaves). Repin, 1968, p. 116, pl. 
44, fig. 1; pl. 45, fig. 1. 

non Tiltoniceras propinquum (Whiteaves). Dagis, 1971, p. 75, pl. 4, 
figs. 4, 5; 1974, p. 21, pl. 1, figs. 1-4; pl. 2, fig. 1. 

Tiltoniceras propinquum (Whiteaves). Smith, Tipper, Taylor, and 
Guex, 1988, pl. 5, figs. 14; Thomson and Smith, 1992, p. 39, pl. 
15, figs. 5-7 only. 

Lioceratoides n. sp. Smith, Tipper, Taylor, and Guex, 1988, pl. 5, 
figs. 7, 8. 


Description. —Large, evolute and fairly slowly ex- 
panding with a compressed whorl section. The um- 
bilical wall rounds gently into the convex flanks and 
the arched venter bears a prominent, simple keel. There 
is considerable variation in the strength of the ribbing 
within the sample. The early whorls show widely spaced 
primary ribs developed by fasciculation or bifurcation 
of secondaries fairly low on the flank. A few interca- 
lated ribs are also present. By umbilical diameters of 
7 mm the ribs have become simple, densely spaced 
and flexuous. They quickly fade, leaving most of the 
shell smooth except for growth lines. 

Type material.— Lectotype: GSC 4877 (Whiteaves, 
1900, pl. 33, figs. 2, 2a (refigured herein, Pl. 28, fig. 2). 
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Table 49.—Measurements of Lioceratoides (Pacificeras) propinquum (Whiteaves, 1884). All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 4877 47.6 47.6 16.5 34.7 
GSC 6490 182 137 62.7 36.2 

155 S7ES 37.11 
GSC 6491 37.5 3257 10.0 30.6 
GSC 87804 63.6 59.0 23.0 39.0 
GSC 87806 32:2 32.2 9:2: 28.6 
GSC 98655 38.3 30.5 9.2 30.2 
GSC 98661 38.0 35.6 O7 QT2 
GSC 98676 20.0 20.0 5.4 27.0 
GSC 98681 26.9 26.9 7.8 29.0 
GSC 98682 c28.0 23.0 7.0 30.4 
GSC 98685 31.3 25°95 8.9 34.9 
GSC 98687 64.2 56.2 19.4 25.4 
MEAN - - _ 31.6 
ST. DEV. - _ = 4.3 


When McLearn designated the lectotype (1932, p. 67) 
he also recognized two plesiotypes (McLearn, 1932, pl. 
6, figs. 1 and 2 and pl. 7, fig. 3). The plesiotypes are 
refigured herein (GSC 6491, Pl. 28, fig. 7; GSC 6490, 
Pl. 29, fig. 1). 

Material.—143 specimens in sandstone and silt- 
stone of the Fannin Formation. 

Measurements. —See Table 49. 

Discussion. —When Whiteaves first described this 
species he indicated that the best preserved figured 
specimen, which later became the lectotype (McLearn, 
1932), originated from South Bay which is now known 
as Whiteaves Bay (section D herein. p. 14). Unfortu- 
nately, the publication of the plate was unexpectedly 
delayed until part 4 of Whiteaves’ work on fossils from 
the Queen Charlotte Islands (Whiteaves, 1900) in which 
the fossil was reported to have come from Maude Is- 
land (section E herein, p. 15) and this has led to con- 
fusion in subsequent literature. From the context of 
Whiteaves’ original description and in agreement with 
McLearn’s conclusion (McLearn, 1932, p. 69), we be- 
lieve that the specimen did, in fact, originate from 
Whiteaves Bay. 

This large species had been previously reported from 
North America and Russia but Howarth (1992) has 
re-evaluated these reports and concludes that the Rus- 
sian material, with its simpler ribbing, was better ac- 
commodated in the species Ti/toniceras antiquum (de- 
scribed below). The North American specimens are 
distinguished by early whorls that have complex ribs 
followed by simple ribs and then smooth shells, a pat- 
tern more akin to Lioceratoides. As discussed above, 
Pacificeras with its more evolute and slowly expanding 
shell, is retained as a subgenus of Lioceratoides based 
on Schloenbachia propinqua of Whiteaves (1884) as 
type (Repin, 1970). 


ww WWD WH WHD WWWH 
10.5 22.1 19:2 40.3 54.7 
c33.4 19.3 66.2 38.3 c50.5 
33.7 21.7 5957 38.5 56.5 
8.2 2521 13.6 41.6 60.3 
14.6 24.7 23.5 39.8 62.1 
7.4 23.0 13.5 41.9 54.8 
7.6 24.9 13.1 43.0 57.6 
— — 15.5 43.5 
2) DAES Ont 45.5 60.4 
6.1 227 P13 42.0 54.0 
- - 10.0 43.5 - 
6.2 24.3 10.2 40.0 60.8 
13.3 2351 20.2 35.9 65.8 
= 2355 - 41.1 58.0 
_ Dae _ 2.6 4.4 


Occurrence. —As interpreted here, L. (P.) propin- 
quum is only known from the northeast Pacific. 

Localities. —DT2, D24—27, ET5, E62-68, IO3, 112. 

Age. —Carlottense Zone (Late Pliensbachian) to ear- 
ly Toarcian. 


Genus TILTONICERAS Buckman, 1913 


Type species. —Tiltoniceras costatum Buckman, 
1913, p. 8, by original designation. 7. costatum is a 
subjective junior synonym of Harpoceras antiquum 
Wright, 1882 (Howarth, 1973, 1992). 

Remarks. —See the remarks under Pacificeras. The 
genus has been recently discussed in detail by Howarth 
(1992) who considers it monospecific. 

Age and distribution.—T. antiquum first occurs in 
the upper Pliensbachian of western North America be- 
coming widespread in Boreal, lower Toarcian rocks of 
northeast Siberia, Germany, and Great Britain. 


Tiltoniceras antiquum (Wright, 1882) 
Plate 30, figures 1-4; Text-figure 391-m 


Harpoceras antiquum Wright, 1882, pl. 57, figs. 1, 2. 

Harpoceras acutum (Tate). Wright, 1884, p. 469, pl. 82, figs. 7, 8. 

Ammonites capillatus Denckmann, 1887, p. 60, pl. 1, fig. 7; pl. 4, 
fig. 3. 

Harpoceras schroederi Denckmann, 1893, p. 101. 

Tiltoniceras costatum Buckman, 1913, p. viii; 1914, pl. 97, figs. 1- 
4; Hoffmann, 1968, p. 15, pl. 4, fig. 3; Dagis, 1974, p. 23, pl. 3, 
figs. 1-4. 

Tiltoniceras acutum Tate. Donovan, 1954, p. 51; Hoffman, 1968, 
p. 13, pl. 3, fig. 4; Lehmann, 1968, p. 56, pl. 19, fig. 6. 

Harpoceras sp. juv. Frebold, 1964a, p. 16, pl. 6, figs. 8, 9 only. 

Tiltoniceras schroederi (Denckmann). Hoffmann and Martin, 1960, 
p. 116, pl. 9, figs. 6, 7, 12; Hoffmann, 1968, p. 13, pl. 4, fig. 2. 

Ovaticeras facetum Repin, 1966, p. 45, pl. 1, figs. 4, 5, 8; 1968, p. 
115, pl. 46, figs. 1, 2, 4, 5. 

Tiltoniceras capillatum (Denckmann). Hoffmann, 1968, p. 17, pl. 5, 
figs. 14; Lehmann, 1968, p. 57, pl. 20, figs. 1, 2, 8; Dagis, 1974, 
p. 25, pl. 3, figs. 5, 6. 
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Table 50.— Measurements of Ti/toniceras antiquum (Wright, 1882). All measurements are in mm. 


specimen no. DMAX D UD U 
GSC 98713 39.0 32.0 79 24.7 
GSC 98728 c158 150.8 41.0 Die, 
GSC 98730 — 45.7 11.8 25.8 
GSC 98731 59.5 59.5 ze) 29.4 

48.0 12.0 25.0 
MEAN - — — 26.4 
STADEV: — _ — 1.9 


Ovaticeras propinquum (Whiteaves). Repin, 1968, p. 116, pl. 44, fig. 
1; pl. 45, fig. 1. 

Tiltoniceras propinquum (Whiteaves). Dagis, 1971, p. 175, pl. 4, figs. 
4, 5; 1974, p. 21, pl. 1, figs. 1-4; pl. 2, fig. 1; Thomson and Smith, 
1992, p. 39, pl. 15, figs. 4, 8 and 9 only. 

Tiltoniceras antiquum (Wright). Schlegelmilch, 1976, p. 88, pl. 46, 
figs. 5, 6; Howarth, 1992, p. 70, Text-figures 13, 18; pl. 5, fig. 3; 
pl. 6, figs. 1-8; pl. 7, figs. 1-3, 9. 

(2)Ovaticeras sp. cf. O. ovatum (Young and Bird). Poulton, 1991, p. 
20, pl. 13, figs. 7, 11. 

(?)Harpoceras? sp. Poulton, 1991, p. 20, pl. 13, fig. 8 only. 


Description. —Midvolute, large and _ thick-shelled 
form with compressed whorls bearing a prominent, 
simple keel. The umbilical wall is gently sloped, the 
umbilical shoulder indistinct and the flanks gently con- 
vex. 

Ribs are fine and simple. They are prorsiradiate and 
sinuous across the flank and projected ventrally. Rib- 
bing fades at umbilical diameters of 8 mm or so to be 
replaced by a smooth or striate shell. 

Type material. — Lectotype: Wright, 1882, pl. 57, figs. 
1 and 2 designated by Donovan (1954, p. 44) and 
refigured by Howarth (1992, Text-fig. 13). 

Material. —Seventy-five specimens from the upper 
Fannin Formation. 

Measurements. —See Table 50. 

Discussion. —This species reaches a large size as ex- 
emplifed by the specimen figured on Plate 30, figure 1 
which has a diameter of almost 160 mm and yet is 
still septate. Three other similarly large and completely 
septate specimens also occur in the collection but most 


APPENDIX 


LOCALITY REGISTER 
A brief geographical description, latitude, longitude, and 1:50,000 
map sheet are given for stratigraphic sections and locality numbers 
cited in the text; type numbers are also listed by locality. Refer to 
Text-figures 2 and 3 for locations. 


SECTION A: KUNGA ISLAND (Text-figures 2, 7 and 16) 


Localities AO1 to Al3 in a stratigraphic sequence exposed along the 
southeast shore of Kunga Island, 52°45’53”N, 131°33’08”W; NTS 
103B/13 & 14, Louise Island. 


Www WWD WH WHD WWWH 
7.8 24.4 15.6 48.8 50 
35.4 23.4 65.7 43.5 53.9 
1k 24.3 21.8 47.7 50.9 
- - 23.6 39.7 - 
11.7 24.4 20.5 42.7 42.7 
= 24.1 _ 44.5 49.4 
- 0.5 - 357 4.8 


are incomplete and less than 50 mm in shell diameter. 
An exception, indicating the presence of dimorphism, 
is figured on Plate 30, figure 4. This specimen has a 
diameter of almost 60 mm and a body chamber just 
under halfa whorl in length. The body chamber, which 
egresses slightly, has a peristome that is sinuous, in 
harmony with the now obsolete ribbing; it flares in the 
central part of the flank end projects ventrally to form 
a rostrum. One other, unfigured specimen reaches a 
diameter of over 78 mm and has a body chamber 
length of about half a whorl. The peristome is mostly 
incomplete but where it remains it shows a similar 
flaring. 

T. antiquum differs from Lioceratoides (Pacificeras) 
propinquum in being slightly more involute and more 
rapidly expanding and in having ribs that are never 
divided into primaries and secondaries. L. (P.) an- 
gionus also has more complex ribbing on its earlier 
whorl and is further characterized by its steep umbilical 
wall and more pronounced umbilical shoulder. 

Occurrence.—As discussed in the introduction to 
Pacificeras (p. 70), T. antiquum is characteristic of the 
Boreal Realm where it normally occurs in the basal 
Toarcian. In the Queen Charlotte Islands and else- 
where in Canada it also occurs in the uppermost Pliens- 
bachian and presumably it had its origin within Lio- 
ceratoides. 

Localities. —B06, DT2, D27, ETS, E62-68. 

Age.—Carlottense Zone (Late Pliensbachian) and 
early Toarcian. 


AOl UBC loc. PLS-14, Sandilands Formation 
A02 UBC loc. PLS-13, Ghost Creek Formation 
A03 UBC loc. PLS-12, Ghost Creek Formation 
A04 UBC loc. PLS-11, Ghost Creek Formation 
AOS UBC loc. PLS-10, Ghost Creek Formation 
A06 UBC loc. PLS-9, Ghost Creek Formation 
AO7 UBC loc. PLS-8, Ghost Creek Formation 
A08 UBC loc. PLS-7, Ghost Creek Formation 
A09 UBC loc. PLS-6, Rennell Junction Member (of the Fannin 
Formation) 

A10 UBC loc. PLS-5, Rennell Junction Member 
All UBC loc. PLS-4, Rennell Junction Member 
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Al2 UBC loc. PLS-2, Rennell Junction Member 
Al13 UBC loc. PLS-1, Rennell Junction Member 


SECTION B: LOUISE ISLAND (Text-figures 2, 8 and 17) 


Localities BT1 (talus), and BO! to BO6 in a stratigraphic sequence 
exposed on the north shore of Louise Island at Renner Point, between 
53°02'03”N, 131°52’48”W and 53°02'06"N, 131°52'47”"W; NTS 
103G/4, Cumshewa. 


BT1 GSC loc. C-117025, GSC type 98702, Ghost Creek Formation 

BO! GSC loc. C-117022, Ghost Creek Formation 

BO2 GSC loc. C-117021, Ghost Creek Formation 

BO3 GSC loc. C-117020, Rennell Junction Member 

BO4 GSC loc. C-117019, GSC types 95575, 98626, 98627, 98628, 
98629, 98630, 98633, 98636, 98637, 98639, Rennell Junction 
Member 

BOS GSC loc. C-117018, Fannin Formation 

BO6 GSC loc. C-117017, Fannin Formation 


SECTION C: CUMSHEWA INLET (Text-figures 2, 9 and 18) 


Localities CT1, CT2 (talus), and CO1 to COS in a stratigraphic se- 
quence exposed on the north shore of Cumshewa Inlet, 53°02'53’N, 
131°56'05”’W; NTS 103G/4, Cumshewa. 


CT1 GSC loc. C-157644, Ghost Creek Formation 
GSC loc. C-157645, Ghost Creek Formation 
CT2 GSC loc. C-157607, Ghost Creek Formation 
GSC loc. C-157647, Ghost Creek Formation 
GSC loc. C-157648, Ghost Creek Formation 
C01 GSC loc. C-157609, Ghost Creek Formation 
GSC loc. C-157650, Ghost Creek Formation 
C02 GSC loc. C-117026, Rennell Junction Member 
GSC loc. C-157671, Rennell Junction Member 
C03 GSC loc. C-80610, GSC type 87797, Fannin Formation 
GSC loc. C-117027, GSC type 98692, Fannin Formation 
GSC loc. C-157668, Fannin Formation 
GSC loc. C-157670, Fannin Formation 
C04 GSC loc. C-157612, Fannin Formation 
C05 GSC loc. C-157649, Fannin Formation 


SECTION D: WHITEAVES BAY (Text-figures 2, 10 and 19) 


Localities DT1, DT2 (talus), and DO1 to D28 in a stratigraphic 
sequence exposed in Whiteaves Bay on the north shore of Moresby 
Island, 53°11'N, 132°01’'W; NTS 103F/1, Skidegate Inlet. 


DT1 GSC loc. O-48564, GSC types 87800, 98673, 98674, 98675, 
99020, Fannin Formation 

DT2 GSC loc. O-13630, GSC type 9052, 99046, Fannin Formation 
GSC loc. C-117033, GSC types 4877, 6489, 6490, 6491, 9053, 
Fannin Formation 

DO1 GSC loc. O-93568, Ghost Creek Formation 

DO02 GSC loc. C-80242, Ghost Creek Formation 

DO03 GSC loc. O-93565, GSC types 98688, 98691, Ghost Creek 
Formation 
GSC loc. C-80243, Ghost Creek Formation 

D04 GSC loc. C-80244, Ghost Creek Formation 

DO5 GSC loc. C-80245, Ghost Creek Formation 

D06 GSC loc. C-80246, GSC type 98656, Ghost Creek Formation 
GSC loc. C-80247, Ghost Creek Formation 

DO7 GSC loc. C-80248, Ghost Creek Formation 
GSC loc. C-80249, GSC types 98695, 98707, Ghost Creek 
Formation 
GSC loc. C-80250, Ghost Creek Formation 
GSC loc. C-80751, Ghost Creek Formation 


GSC loc. C-80752, Ghost Creek Formation 

DO08 GSC loc. O-93564, GSC types 98654, 98693, 99044, Ghost 
Creek Formation 
GSC loc. C-80753, Ghost Creek Formation 

DO09 GSC loc. O-93571, Ghost Creek Formation 

D10 GSC loc. C-80754, Ghost Creek Formation 

D11 GSC loc. O-93575, GSC type 95573, Ghost Creek Formation 
GSC loc. C-80755, GSC type 98645, Ghost Creek Formation 

D12 GSC loc. C-80756, Ghost Creek Formation 

D13 GSC loc. C-80757, Ghost Creek Formation 

D14 GSC loc. C-80758, Rennell Junction Member 

D15 GSC loc. C-80759, Rennell Junction Member 

D16 GSC loc. C-80760, Rennell Junction Member 

D17 GSC loc. C-80761, Rennell Junction Member 

D18 GSC loc. O-93563, Rennell Junction Member 

D19 GSC loc. C-80764, Fannin Formation 

D20 GSC loc. C-80765, GSC types 99018, 98590, 98619, 98620, 
98742, Fannin Formation 

D21 GSC locs. C-80766, Fannin Formation 

D22 GSC loc. C-80768, GSC type 98584, Fannin Formation 

D23 GSC loc. C-80769, Fannin Formation 

D24 GSC loc. O-93574, GSC types 98643, 98732, 98733, 98739, 
Fannin Formation 
GSC loc. C-80771, Fannin Formation 

D25 GSC loc. C-80772, GSC type 98740, Fannin Formation 

D26 GSC loc. O-93582, GSC type 98642, Fannin Formation 
GSC loc. C-80773, Fannin Formation 

D27 GSC loc. C-80774, Fannin Formation 
GSC loc. C-80776, GSC type 98746, Fannin Formation 

D28 GSC loc. C-80775, Fannin Formation 


SECTION E: MAUDE ISLAND (Text-figures 2, 11 and 20) 


Localities ET1 to ETS (talus), and EO1 to E79 in a stratigraphic 
sequence exposed in Fannin Bay on the southeast side of Maude 
Island, 53°12'N, 132°03’W; NTS 103F/1, Skidegate Inlet. 


ET1 GSC loc. O-48603, GSC types 20337, 87810, 98631, 98632, 
98689 
GSC loc. O-93577, GSC type 98667 
GSC loc. O-93743, GSC type 98575 
GSC loc. O-93748 
GSC loc. C-80836, GSC types 87811, 98657, Fannin For- 
mation 

ET2 GSC locs. O-52342, O-93744, Rennell Junction Member 

ET3 GSC locs. C-80835, C-80837, C-80838, Rennell Junction 
Member 
GSC loc. C-80840, GSC types 98625, 98696, Rennell Junction 
Member 
GSC locs. C-80841, C-80844, C-80845, C-81916, C-118698, 
Rennell Junction Member 

ET4 GSC loc. O-13628, GSC types 98576, 98577, 98579, 98594, 
Fannin Formation 
GSC loc. O-48573, GSC types 87798, 98578, Fannin For- 
mation 
GSC loc. O-93579, GSC type 98709, Fannin Formation 
GSC loc. O-93741, GSC type 98581, 98622, Fannin Formation 
GSC loc. C-80839, GSC types 98597, 98610, Fannin For- 
mation 
GSC loc. C-81724, GSC type 98608, Fannin Formation 
GSC loc. C-117032, GSC types 6493, 6494, 6495, 6496, 6517, 
6518, 9054, 9058, 98684, Fannin Formation 
GSC loc. C-117034, GSC types 4876, 4879, 6519, 6670, 9055, 
Fannin Formation 

ETS GSC loc. O-48563, GSC type 98716, Fannin Formation 


E01 


E02 
E03 
E04 
E05 
E06 
E07 
E08 
E09 
E10 
Ell 
E12 
E13 


El4 


E15 
E16 
E17 
E18 
E19 
E20 
E21 
E22 
E23 
E24 
E25 
E26 
E27 


E28 
E29 
E30 


E31 
E32 
E33 
E34 


E35 
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GSC loc. O-93578, Fannin Formation 

GSC loc. C-80814, GSC type 98598, Fannin Formation 
GSC loc. C-80824, GSC type 98685, Fannin Formation 
GSC loc. C-80831, GSC type 98586, Fannin Formation 
GSC loc. C-80832, GSC type 98694, Fannin Formation 
GSC loc. C-80833, GSC type 99040, Fannin Formation 
GSC loc. C-80834, GSC types 98585, 98744, Fannin Forma- 
tion 

GSC loc. C-81917, GSC type 98644, Fannin Formation 
GSC loc. C-117002, GSC types 98677, 98718, 98730, Fannin 
Formation. Ammonites found together in a single boulder. 
GSC loc. C-117003, GSC types 87804, 87806, 87809, 98676, 
98697, 99045, Fannin Formation. Ammonites found together 
in a single boulder. 

GSC loc. C-117004, Fannin Formation. Ammonites found to- 
gether in a single boulder. 

GSC loc. C-117005, 98589, 98731, 99015, Fannin Formation. 
Ammonites found together in a single boulder. 

GSC loc. C-117030, Fannin Formation 

GSC loc. C-117031, GSC types 4878, 87807, 98728, 98734, 
98735, Fannin Formation 

UBC loc. 82-14, Fannin Formation 

GSC loc. C-80241, GSC type 98650, Ghost Creek Formation 
GSC locs. O-91819, C-80315, Ghost Creek Formation 

GSC loc. C-80318, Ghost Creek Formation 

GSC loc. C-80319, Ghost Creek Formation 

GSC locs. C-80321, C-80323, Ghost Creek Formation 

GSC loc. C-80324, Ghost Creek Formation 

GSC loc. O-91820, Ghost Creek Formation 

GSC locs. O-91821, C-80325, Ghost Creek Formation 

GSC locs. O-91822, C-80326, Ghost Creek Formation 

GSC loc. O-91823, Ghost Creek Formation 

GSC loc. C-80328, Ghost Creek Formation 

GSC loc. O-91824, Ghost Creek Formation 

GSC loc. O-91825, Ghost Creek Formation 

GSC loc. O-91805, Ghost Creek Formation 

GSC loc. C-80329, GSC type 98660, Ghost Creek Formation 
GSC loc. O-91799, Ghost Creek Formation 

GSC loc. C-80330, GSC type 98665, Ghost Creek Formation 
GSC loc. O-91796, Ghost Creek Formation 

GSC loc. C-80331, Ghost Creek Formation 

GSC loc. C-80332, Rennell Junction Member 

GSC loc. O-91797, Rennell Junction Member 

GSC loc. C-80333, Rennell Junction Member 

GSC loc. O-9 1803, GSC type 98664, Rennell Junction Member 
GSC loc. C-80334, Rennell Junction Member 

GSC loc. O-91802, Rennell Junction Member 

GSC locs. O-91801, C-80336, Rennell Junction Member 
GSC loc. O-91798, Rennell Junction Member 

GSC locs. O-91793, C-80337, Rennell Junction Member 
GSC loc. O-91795, Rennell Junction Member 

GSC loc. O-91794, GSC types 87790, 87791, 95576, 98653, 
Rennell Junction Member 

GSC loc. C-80338, Rennell Junction Member 

GSC loc. C-80340, Rennell Junction Member 

GSC loc. C-80341, Rennell Junction Member 

GSC locs. C-80342, C-80343, C-90555, Rennell Junction 
Member 

GSC loc. C-80344, Rennell Junction Member 

GSC loc. O-91807, GSC type 78715, Rennell Junction Member 
GSC loc. O-91811, Rennell Junction Member 

GSC locs. O-91815, C-80345, Rennell Junction Member 
GSC loc. O-91814, GSC type 98648, Rennell Junction Member 
GSC loc. O-91810, Rennell Junction Member 


E56 


ES 


E58 
ES9 
E60 
E61 
E62 


E63 


E64 


E65 


E66 


E67 


E68 


GSC loc. C-80346, Rennell Junction Member 

GSC loc. C-80347, Rennell Junction Member 

GSC loc. C-80348, GSC type 98703, Rennell Junction Member 
GSC loc. C-80349, Rennell Junction Member 

GSC loc. C-80350, GSC type 98669, Rennell Junction Member 
GSC loc. C-80215, Rennell Junction Member 

GSC loc. C-80216, Rennell Junction Member 

GSC loc. C-80217, Rennell Junction Member 

GSC loc. O-91818, Rennell Junction Member 

GSC locs. C-80219, C-80220, Rennell Junction Member 
GSC loc. C-80221, Rennell Junction Member 

GSC loc. C-80222, Rennell Junction Member 

GSC loc. C-90554, GSC type 98686, Rennell Junction Member 
GSC loc. C-80223, Rennell Junction Member 

GSC loc. C-80224, Fannin Formation 

GSC loc. C-80226, Fannin Formation 

GSC loc. C-117284, GSC type 98670, Fannin Formation 
GSC loc. C-90553, GSC types 87801, 98583, Fannin For- 
mation 

GSC loc. C-80228, GSC type 98701, Fannin Formation 
GSC loc. C-80229, Fannin Formation 

GSC loc. O-91827, GSC types 98574, 98607, Fannin For- 
mation 

GSC locs. C-80231, C-80232, Fannin Formation 

GSC loc. O-91828, Fannin Formation 

GSC loc. C-80233, GSC type 98623, Fannin Formation 
GSC loc. C-80234, GSC types 98614, 98615, 98616, 98617, 
98624, Fannin Formation 

GSC loc. C-90614, GSC types 87796, 98672, 98706, 98708, 
Fannin Formation 

GSC loc. C-80235, Fannin Formation 

GSC loc. O-91830, Fannin Formation 

GSC loc. C-80240, Fannin Formation 

GSC loc. C-80825, GSC type 98698, Fannin Formation 
GSC loc. O-91792, Fannin Formation 

GSC loc. C-81716, GSC types 87805, 98679, 98687, 98705, 
98729, 99016, Fannin Formation 

GSC loc. O-91816, Fannin Formation 

GSC loc. O-93750, GSC types 98588, 98600, 98727, 98745, 
Fannin Formation 

GSC loc. C-90545, GSC types 98613, 98649, 98681, 98682, 
98741, 99017, Fannin Formation 

GSC loc. O-91832, GSC type 99046, Fannin Formation 
GSC loc. O-91833, Fannin Formation 

GSC loc. O-91834, Fannin Formation 

GSC loc. O-91835, GSC types 98640, 98736, Fannin For- 
mation 

GSC loc. C-80783, GSC type 98611, Fannin Formation 
GSC loc. C-90544, GSC type 98713, Fannin Formation 
GSC locs. C-80784, C-80818, Fannin Formation 

GSC loc. C-80817, GSC type 98690, Fannin Formation 
GSC loc. C-80785, GSC types 98634, 98641, 98655, 98661, 
Fannin Formation 

GSC loc. C-80815, Fannin Formation 

GSC loc. C-80786, GSC type 87808, Fannin Formation 
GSC loc. C-90615, Fannin Formation 


SECTION F: ROAD 19 QUARRY (Text-figures 3, 12 and 21) 


Localities FT1 and FT2 (talus), and FO1 to F12 in a stratigraphic 
sequence measured in a quarry on the north side of Forest Road 19 
at 53°22’30”, 132°16'00"; NTS 103F/8, Yakoun River. 


FT1 


GSC loc. C-156675, GSC types 98710, 98738, 99027, 99038, 
99041, 99042, 99043, Rennell Junction Member 
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GSC loc. C-177370, GSC types 87809, 98651, 98671, 99022, 
99023, 99024, 99039, Rennell Junction Member 

FT2 GSC loc. C-56954, GSC types 98711, 99013, 99014, Fannin 
Formation 
GSC loc. C-177368, types 98592, 99032, 99033, 99034, 99035, 
99036, 99037, Fannin Formation 

FO! GSC loc. C-177371, Rennell Junction Member 

FO2 GSC loc. C-177369, Rennell Junction Member 

FO3 GSC loc. C-177358, Rennell Junction Member 

F04 GSC loc. C-177359, Rennell Junction Member 

FOS GSC loc. C-177360, Rennell Junction Member 

F06 GSC loc. C-177361, Rennell Junction Member 

FO7 GSC loc. C-177367, Rennell Junction Member 

FO8 GSC loc. C-177362, Fannin Formation 

FO9 GSC loc. C-177363, Fannin Formation 

F10 GSC loc. C-177364, Fannin Formation 

F1l GSC loc. C-177365, Fannin Formation 

Fl2 GSC loc. C-177366, Fannin Formation 


SECTION G: RENNELL JUNCTION (Text-figures 3, 13 and 22) 


Localities GT1 to GT4 (talus), and Gl to G11 in a stratigraphic 
sequence measured in a gulley on the east side of the Graham Island 
main road near its junction with the Rennell Sound road at 
53°24'26"N, 132°18'13”W; NTS 103F/8, Yakoun River. 


GTI GSC loc. C-81923, Ghost Creek Formation 
GSC loc. C-90574, Ghost Creek Formation 
GSC loc. C-90579, GSC types 98668, 98704, Rennell Junction 
Member 
GSC loc. C-90589, Ghost Creek Formation 
GT2 GSC loc. C-90573, Rennell Junction Member 
GSC loc. C-90604, Rennell Junction Member 
GT3 GSC loc. C-81712, GSC types 87792, 98638, 98671, 99047, 
Rennell Junction Member 
GSC loc. C-90587, GSC type 87794, Rennell Junction Member 
GSC loc. C-90588, Ghost Creek Formation 
GSC loc. C-118697, GSC type 98635, Rennell Junction Mem- 
ber 
GT4 GSC loc. C-81927, GSC types 87799, 98596, 98603, 98717, 
98719, Fannin Formation 
G01 GSC loc. C-81926, GSC type 98666, Ghost Creek Formation 
GSC loc. C-90549, GSC type 98663, Ghost Creek Formation 
GSC loc. C-90978, GSC type 98658, Ghost Creek Formation 
G02 GSC loc. C-81925, Ghost Creek Formation 
GSC loc. C-90548, Ghost Creek Formation 
GSC loc. C-90556, GSC type 87788, Ghost Creek Formation 
GSC loc. C-90591, Ghost Creek Formation 
G03 GSC loc. C-81924, Ghost Creek Formation 
GSC loc. C-90547, GSC type 98659, Ghost Creek Formation 
G04 GSC loc. C-81922, Ghost Creek Formation 
GSC loc. C-90572, Ghost Creek Formation 
G05 GSC loc. C-90575, Ghost Creek Formation 
GSC loc. C-90580, GSC type 98646, Ghost Creek Formation 
G06 GSC loc. C-90581, Rennell Junction Member 
G07 GSC loc. C-90551, Rennell Junction Member 
G08 GSC loc. C-90583, Rennell Junction Member 
G09 GSC loc. C-90590, Rennell Junction Member 
G10 GSC locs. C-90593, C-90618, Rennell Junction Member 
G11 GSC loc. C-90592, Rennell Junction Member 


SECTION H: INTERCOAST RESOURCES BOREHOLE DDH- 
179 (Text-figures 3, 14 and 23) 


Localities H1l to H12 in a sequence recovered from a borehole at 
53°24'29’N, 132°18'11”W; NTS 103F/8, Yakoun River. 


HO1 GSC loc. C-90539, Ghost Creek Formation 
HO2 GSC loc. C-90535, Ghost Creek Formation 
H03 GSC loc. C-90640, Ghost Creek Formation 
H04 GSC loc. C-90976, Ghost Creek Formation 
HOS GSC loc. C-90642, GSC type 98647, Ghost Creek Formation 
H06 GSC loc. C-116300, Ghost Creek Formation 
HO0O7 GSC loc. C-90534, Rennell Junction Member 
HO8 GSC loc. C-90611, Rennell Junction Member 
HO9 GSC loc. C-90641, Rennell Junction Member 
H10 GSC loc. C-90538, Rennell Junction Member 
H11 GSC loc. C-90530, Rennell Junction Member 
H12 GSC loc. C-90610, Rennell Junction Member 


ISOLATED LOCALITIES (Text-figures 3 and 24) 


Localities I01 to 117 in southern Graham Island; NTS 103F/8, Yak- 
oun River. 


101 53°23'00’N, 132°15'30”W 
GSC loc. C-81741, Rennell Junction Member. Ammonites not 
associated with each other. 

102 53°22'42”N, 132°16'08”W 
GSC loc. O-93721, GSC types 98582, 98683, Rennell Junction 
Member. 
GSC loc. O-93725, Rennell Junction Member. 

103 53°23'13”N, 132°16'16”"W 
GSC loc. C-90560, Fannin Formation 
GSC loc. C-90559, GSC type 98747, Fannin Formation 
GSC loc. C-90557, Fannin Formation 

104 53°24'11"N, 132°16'08"W 
GSC loc. O-93724, Ghost Creek Formation 

105 53°24'29’N, 132°15'41”"W 
GSC loc. O-93723, GSC type 98712, Fannin Formation 

106 53°24'42"N, 132°14'54”W 
GSC loc. C-81709, Fannin Formation 
GSC loc. C-90542, GSC types 98587, 98591, 98601, 98602, 
98604, 98605, 98612, 98621, 98714, 98720, 98721, 98723, 
98743, 99019, 99021, Fannin Formation 
GSC loc. C-90552, Fannin Formation 

107 53°24'13’N, 132°18'14”W. From a short stratigraphic interval 
spanning the contact between the Rennell Junction Member 
and the Fannin sandstones. Localities 81718 and 177356 are 
from the same interval at the top of the former; 177355 near 
the base of the latter. 
GSC loc. C-81718, Rennell Junction Member 
GSC loc. C-177355, GSC types 99025, 99026, 99028, 99029, 
99030, 99031, Fannin Formation. 
GSC loc. C-177356, Rennell Junction Member. 

108 53°24'36’N, 132°17'43"W 
GSC loc. C-81733, GSC types 87784, 87785, Ghost Creek 
Formation 
GSC loc. C-90974, GSC types 87789, 98699, Ghost Creek 
Formation 
GSC loc. C-90977, GSC types 87783, 87793, 95574, 98652, 
98662, 98680, Ghost Creek Formation 
GSC loc. C-157551, GSC types 95572, 98700, 98715, 98737, 
Ghost Creek Formation 

109 53°24'50”"N, 132°18'11"W 
GSC loc. C-81707, GSC type 98678, Ghost Creek Formation 
GSC loc. C-90979, Ghost Creek Formation 

10 53°24'57”"N, 132°17'49"W 
GSC loc. C-90980, Ghost Creek Formation 

I11 53°25'16"N, 132°17'43”"W 
GSC loc. O-93732, Ghost Creek Formation 

112 5$3°25'18"N, 132°18'24"W 
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GSC loc. C-81739, Fannin Formation 
113 53°25'11”N, 132°18'46”"W 
GSC loc. O-93729, Ghost Creek Formation 
114 53°25'46”"N, 132°17'16"W 
GSC loc. C-81730, GSC types 98580, 98595, 98618, 98724, 
Fannin Formation 
I15 53°25'45"N, 132°17'19"W 
GSC loc. C-90612, Fannin Formation 


I16 $3°25'45"N, 132°17'22”W 
GSC loc. C-81727, Ghost Creek Formation 
GSC loc. C-90616, Rennell Junction Member 
I17 53°25’34"N, 132°18'30”"W 
GSC loc. C-81703, GSC types 95577, 98593, 98599, 98606, 
98609, 98722, 98725, 98726, Fannin Formation 
GSC loc. C-81734, Fannin Formation 
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EXPLANATION OF PLATE 1 


Figures are natural size unless otherwise indicated. The last suture is marked by an arrowhead. 


Figure 
1. Phylloceras bonarellii Bettoni, 1900. ina Dawe GE ace ste entacie abe koa Shes Saotaa tactoetanh o ppere qinee aye eyave s Pe hae eee 
Hypotype: GSC 98693; Locality: DO8 (GSC Loc. O- 93564); Ghost Creek Formation, Whiteavesi Zone. 
DB PRYIOCEPASESDS syst cae sia. tives alas toerasava & xiecelevnsn os 5.4 Guenle gee s s Ssesece, susie ic erenahees s/t easbar tiple eyecerertie A eNeia @ eevens eine ie ike) eicea eee eee 
2a,b. Specimen: GSC 98574; Locality: E55 (GSC Loc. O-91827); Fannin Formation, Kunae Zone. 
3a,b. Specimen: GSC 98575; Locality: ET! (GSC Loc. O-93743); Fannin Formation, Kunae Zone. 
4:5. Cymbites laevigatus (). deiC.Sowerby, 1827): cx ccc <ece tie on ecclesia ous @ ma wracapes 2 lela rerstupe @ oraz eteredes i ole cahat ave (es) eicys ose) chek p ol rent 
4a-d. Hypotype: GSC 98580, a,b 3; Locality: 114 (GSC Loc. C-81730); Fannin Formation, Kunae Zone. 
5a-d. Hypotype: GSC 98579, a,b x3; Locality: ET4 (GSC Loc. O-13628); Fannin Formation, Kunae Zone. 
6. Tragophylloceras Mew SPECIES? iesag «= e:acwisse aisccsoibyaue stereo treme tev aig edstern donwlen slegers Mipialedesrig eres ep wiate a wigs loels cise ehepaie a) shelke epee 
6a,b. Specimen: GSC 98581; Locality: ET4 (GSC Loc. O-93741), Fannin Formation, Kunae Zone. 
7-9. Cymbites centriglobus (Oppel, 1862) ee ee rE re Pe er MON ee POO DO OO UO U6 00 
7a-d. Hypotype: GSC 98576, a,b x 3; bocaie: ET4 (GSC Loc. O-13628); Fannin Formation, Kunae Zone. 
8a-d. Hypotype: GSC 98577, a,b 3; Locality: ET4 (GSC Loc. O-13628); Fannin Formation, Kunae Zone. 
9a-d. Hypotype: GSC 98578, a,b x3; Locality: ET4 (GSC Loc. O-48573); Fannin Formation, Kunae Zone. 
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JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 


EXPLANATION OF PLATE 2 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure 
lo CHATIETHESR SDs © cosy 6 GOTO REROUG 1b GUD OOO CHG OSE EAD DOORS OR DUE ACTER oo os Sebo OOM OT Eee een rte 
Specimen: GSC 98582; Locality: 102 (GSC Loc. O-93721); Rennell Junction Member, Whiteavesi Zone. 
Daehanninoceras (hanninoceras) | bodesaesMiclearn sol 932-ge. py ese ala aie cele aie reich eee eres tote oe eee a alsis Weleterine elena: 
2a,b. Holotype: GSC 6518; Locality: ET4 (GSC Loc. C-117032); Fannin Formation, Kunae Zone. 
S57), JAMA NOCACS CLAM ORT IC) ari Ota Wa IN lod Verran ICES Ce nnecsaacacsassaedcad cen naecnpsoacsdesasbucusaeeansenonpencnsse 
3a,b. Holotype: GSC 4878; Locality: ETS (GSC Loc. C-117031); Fannin Formation, Carlottense Zone. 
4a,b. Hypotype: GSC 98585; Locality: ETS (GSC Loc. C-80834); Fannin Formation, Carlottense Zone. 
5a,b. Hypotype: GSC 98586; Locality: ETS (GSC Loc. C-80831); Fannin Formation, Carlottense Zone. 
6a,b. Hypotype: GSC 87807; Locality: ETS (GSC Loc. C-117031); Fannin Formation, Carlottense Zone. 
7a,b. Hypotype: GSC 98600; Locality: E63 (GSC Loc. O-93750); Fannin Formation, Carlottense Zone. 
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BULLETIN 348 


EXPLANATION OF PLATE 3 


All figures are natural size. The last suture is marked by an arrowhead. 


1=—j2.. Fanninoceras\(Eanninoceras) fannini Mclearn; 1930: ccc 0 stejccrn sc haere eas SO eee here ee isloe eee eee eee 29 
Plesiotype of McLearn (1932): GSC 6495; Locality: ET4 (GSC Loc. C-117032); Fannin Formation, Kunae Zone. 

Holotype: GSC 9054; Locality: ET4 (GSC Loc. C-117032); Fannin Formation, Kunae Zone. 

Holotype of F. dolmagii McLearn, 1932: GSC 6519; Locality: ET4 (GSC Loc. C-117034); Fannin Formation, Kunae Zone. 
Plesiotype of McLearn (1932): GSC 6494; Locality: ET4 (GSC Loc. C-117032); Fannin Formation, Kunae Zone. 

Hypotype: GSC 98594; Locality: ET4 (GSC Loc. O-13628); Fannin Formation, Kunae Zone. 

Plesiotype of McLearn (1932): GSC 6493; Locality: ET4 (GSC Loc. C-117032); Fannin Formation, Kunae Zone. 


la,b. 
2a,b. 
3a,b. 
4a,b. 
5: 
6a,b. 
7a,b. 
8. 

9. 

10. 

lL la,b. 
12a,b. 


Hypotype: GSC 98596; 
Hypotype: GSC 98597; 
Hypotype: GSC 98598; 
Hypotype: GSC 87799; 
Hypotype: GSC 98588; 
Hypotype: GSC 98694; 


Locality: 
Locality: 
Locality: 
Locality: 
Locality: 
Locality: 


GT4 (GSC Loc. C-81927); Fannin Formation, Kunae Zone. 

ET4 (GSC Loc. C-80839); Fannin Formation, Kunae Zone. 

ETS (GSC Loc. C-80814); Fannin Formation, Carlottense? Zone. 
GT4 (GSC Loc. C-81927); Fannin Formation, Kunae Zone. 

E63 (GSC Loc. O-93750); Fannin Formation, Carlottense Zone. 
ET5 (GSC Loc. C-80832); Fannin Formation, Carlottense Zone. 
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14b 


Figure 


5-8,11,12. 


JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 


EXPLANATION OF PLATE 4 


All figures are natural size. The last suture is marked by an arrowhead. 


ER ARNINOCCLAS|(EANMINOCELAS)NChASSUMUMCLEeaTn O32 es en ee eee ee One ence en ene aan 


la,b. Paratype: GSC 6517; Locality: ET4 (GSC Loc. C-117032); Fannin Formation, Kunae Zone. 
2a,b. Holotype: GSC 6496; Locality: ET4 (GSC Loc. C-117032); Fannin Formation, Kunae Zone. 
3a-c. Hypotype: GSC 98603; Locality: GT4 (GSC Loc. C-81927); Fannin Formation, Kunae Zone. 
4a,b. Hypotype: GSC 87798; Locality: ET4 (GSC Loc. O-48573); Fannin Formation, Kunae Zone. 
kanninoceras) (Hanninoceras iKkunae Mclean e930 seasetie roe oe eee en eee eee eee 
5a,b. Plesiotype of McLearn (1932): GSC 6670; Locality: ET4 (GSC Loc. C-117034); Fannin Formation, Kunae Zone. 
6a-c. Holotype: GSC 4876c; Locality: ET4 (GSC Loc. C-117034); Fannin Formation, Kunae Zone. 
7a,b. Hypotype: GSC 98607; Locality: E55 (GSC Loc. O-91827); Fannin Formation, Kunae Zone. 
8a,b. Hypotype: GSC 98608; Locality: ET4 (GSC Loc. C-81724); Fannin Formation, Kunae Zone. 
lla,b. Holotype of F. Jowrii McLearn, 1930: GSC 9055; Locality: ET4 (GSC Loc. C-117034); Fannin Formation, Kunae 
Zone. 
12. Hypotype: GSC 98612; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 


b APM ATIAES CGM AQACS) (ii Widbeeva, NOES she cansabnanadbanoe sacin ndbsoelcanoouasonGsbekoadeeoubodanceor 


9a,b. Holotype: GSC 9058; Locality: ET4 (GSC Loc. C-117032); Fannin Formation, Kunae Zone. 
10a,b. Hypotype: GSC 98610; Locality: ET4 (GSC Loc. C-80839); Fannin Formation, Kunae Zone. 


ME QIIINOCElAS§URANMINOCETAS)1SD ol PP Ree or ey eee eee ee Te Ee oy EEE Ree 


13a,b. Specimen: GSC 98589; Locality: ETS (GSC Loc. C-117005); Fannin Formation, Carlottense Zone. 


PPR ATITNOCE! ASIC RAMTITOCELAS) SD: ka meer Rye Tee eT Te eT eae oH ee 


14a-c. Specimen: GSC 98613; Locality: E63 (GSC Loc. C-90545); Fannin Formation, Carlottense Zone. 
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EXPLANATION OF PLATE 5 


All figures are natural size. 


.. anninoceras (Fanninoceras) fannini Mclearn,, V930% sececceiec es xe = isiele seus iiirs vl ste teras fei teats ocetoss ove ofans, sigtate ee fapeeren te teekeetenets 29 


la,b. Hypotype: GSC 99030; Locality: 107 (GSC Loc. C-177355); Fannin Formation, Kunae Zone. 
2a,b. Hypotype: GSC 99031; Locality: 107 (GSC Loc. C-177355); Fannin Formation, Kunae Zone. 
OistOCerasiGOMNPreSSUIM; MEW SPECIES. .sjc'5 a scenery siave aos rb ats oceseyoi ti onv) 6 oni) ona le ie zie ler tonete ney at arsveta ote) ohanere dele) eedeegel tat vated 53 
3a,b. Paratype: GSC 98625; Locality: ET3 (GSC Loc. C-80840); Rennell Junction Member, Whiteavesi or Freboldi Zone. 
4a,b. Paratype: GSC 98696; Locality: FT1 (GSC Loc. C-156675);, Rennell Junction Member, Freboldi Zone. 
5a,b. Holotype: GSC 99039; Locality: FT 1 (GSC Loc. C-177370); Rennell Junction Member, Whiteavesi or Freboldi Zone. 
6a,b. Paratype: GSC 98710; Locality: FT 1 (GSC Loc. C-156675); Rennell Junction Member, Freboldi Zone. 
7a,b. Paratype: GSC 98738; Locality: FT1 (GSC Loc. C-156675); Rennell Junction Member, Freboldi Zone. 
8a,b. Paratype: GSC 99027; Locality: FT1 (GSC Loc. C-156675); Rennell Junction Member, Freboldi Zone. 
9a,b. Paratype: GSC 99038; Locality: FT 1 (GSC Loc. C-156675); Rennell Junction Member, Freboldi Zone. 
10a,b. Paratype: GSC 99041; Locality: FT 1 (GSC Loc. C-156675); Rennell Junction Member, Freboldi Zone. 
lla,b. Paratype: GSC 99042; Locality: FT 1 (GSC Loc. C-156675); Rennell Junction Member, Freboldi Zone. 
12a,b. Paratype: GSC 99043; Locality: FT1 (GSC Loc. C-156675); Rennell Junction Member, Freboldi Zone. 
Fanninoceras:(Charlotticerds)\\carteri; MEW SPECIES: sca. icc) scu.g a/c onte ateepayes oes es clocch eaten Pay fos oe Vs aces ana aust suede absicaejens ts) etoh at aenetaber she cect 32 
13a,b. Paratype: GSC 99029; Locality: 107 (GSC Loc. C-177355), Fannin Formation, Kunae Zone. 
14a,b. Paratype: GSC 99028; Locality: 107 (GSC Loc. C-177355); Fannin Formation, Kunae Zone. 
15a,b. Paratype: GSC 99026; Locality: I07 (GSC Loc. C-177355); Fannin Formation, Kunae Zone. 
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15-18. 


JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 


EXPLANATION OF PLATE 6 


All figures are natural size. 


Rarnninoceras) (Cnarlotticeras) \CArlerimne WAS PCCIESs an eee ae eines cee ane eee 


la,b. Holotype: GSC 98614; Locality: E57 (GSC Loc. C-80234); Fannin Formation, Kunae Zone. 
2. Paratype: GSC 98615 (latex cast); Locality: E57 (GSC Loc. C-80234); Fannin Formation, Kunae Zone. 
3. Paratype: GSC 98616 (latex cast); Locality: E57 (GSC Loc. C-80234); Fannin Formation, Kunae Zone. 
4. Paratype: GSC 98617; Locality: E57 (GSC Loc. C-80234); Fannin Formation, Kunae Zone. 

5a,b. Paratype: GSC 98618; Locality: 114 (GSC Loc. C-81730); Fannin Formation, Kunae Zone. 


. Fanninoceras (Charlotticeras) maudense, new species. 


6a,b. Paratype: GSC 98619; Locality: D20 (GSC Loc. C-80765); Fannin Formation, Kunae Zone. 
7a,b. Holotype: GSC 98620; Locality: D20 (GSC Loc. C-80765); Fannin Formation, Kunae Zone. 
8a,b. Paratype: GSC 98621; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 

9a,b. Paratype: GSC 98622; Locality: ET4 (GSC Loc. O-93741); Fannin Formation, Kunae Zone. 
10a,b. Paratype: GSC 98623; Locality: E56 (GSC Loc. C-80233); Fannin Formation, Kunae Zone. 
lla,b. Paratype: GSC 98624; Locality: E57 (GSC Loc.C-80234); Fannin Formation, Kunae Zone. 


C-177370); Rennell Junction Member, 
C-177370); Rennell Junction Member, 
C-177370); Rennell Junction Member, 


C-117019); Rennell Junction Member, 
C-117019); Rennell Junction Member, 
C-117019); Rennell Junction Member, 
C-117019); Rennell Junction Member, 


C-117019); Rennell Junction Member, 


O-48603). 
O-48603). 


C-117019); Rennell Junction Member, 
C-117019); Rennell Junction Member, 


i GALA OB TIDS OP aOb, o Amma aco od 5, CAOe ODO SACOM LARC O ORDA a aici ERTETR FoR aE ek SAREE Bema T ct ores ae Ie ee 
12. Specimen: GSC 99024; Locality: FT1 (GSC Loc. 
13a,b. Specimen: GSC 99022; Locality: FT 1 (GSC Loc. 
14. Specimen: GSC 99023; Locality: FT1 (GSC Loc. 
LOM OTNALA GO APaOS (OME el IBID, scocscac’sovatnacooncameGusnaasnboobos sonnebabassobhnnneccsussuseecononuar 
15. Hypotype: GSC 98626; Locality: B04 (GSC Loc. 
16a,b. Hypotype: GSC 98627; Locality: BO4 (GSC Loc. 
17a,b. Hypotype: GSC 98628; Locality: B04 (GSC Loc. 
18. Hypotype: GSC 98629; Locality: BO4 (GSC Loc. 
. Gemmellaroceras aenigmaticum (Gemmellaro, 1884). 
19a,b. Hypotype: GSC 98630; Locality: BO4 (GSC Loc. 
20a,b. Hypotype: GSC 98631; Locality: ET1 (GSC Loc. 
21la,b. Hypotype: GSC 98632; Locality: ET1 (GSC Loc. 
22. Hypotype: GSC 98633; Locality: B04 (GSC Loc. 
23. Hypotype: GSC 95575; Locality: B04 (GSC Loc. 


Freboldi Zone. 
Freboldi Zone. 
Freboldi Zone. 


Whiteavesi Zone. 
Whiteavesi Zone. 
Whiteavesi Zone. 
Whiteavesi Zone. 


Whiteavesi Zone. 


Whiteavesi Zone. 
Whiteavesi Zone. 
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EXPLANATION OF PLATE 7 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure Page 
1=5:, sAcanthopleuroceras thommsOni, NEW SPECIES:, << 2..,2.0)<)-,20= aayereve =.) tuceey ele a euast ss) asesernale eect taTe ever tonstene eo elelela eters hehe tere eetoer Rete erates 36 
la,b. Paratype: GSC 98635 (latex cast); Locality: GT3 (GSC Loc. C-118697); Rennell Junction Member. 
2a,b. Paratype: GSC 98636; Locality: B04 (GSC Loc. C-117019); Rennell Junction Member, Whiteavesi Zone. 
3a,b. Paratype: GSC 98637; Locality: B04 (GSC Loc. C-117019); Rennell Junction Member, Whiteavesi Zone. 
4a,b. Holotype: GSC 98638; Locality: GT3 (GSC Loc. C-81712); Rennell Junction Member. 
Sa,b. Paratype: GSC 98639; Locality: B04 (GSC Loc. C-117019); Rennell Junction Member, Whiteavesi Zone. 
6=10. Acanthopleuroceras: whiteavest'Smith: and Tipper; V988. cary .teec eric cke nies lateiceele foe plots ciate) sdatetezetiareves el eteotelelel< eVeveteretehepefetetet tasers 36 
6a,b. Paratype: GSC 87791; Locality: E27 (GSC Loc. O-91794); Rennell Junction Member, Whiteavesi Zone. 
7a,b. Holotype: GSC 87790; Locality: E27 (GSC Loc. O-91794); Rennell Junction Member, Whiteavesi Zone. 
8a,b. Hypotype: GSC 87811; Locality: ET1 (GSC Loc. C-80836). 
9a,b. Hypotype: GSC 87810; Locality: ET1 (GSC Loc. O-48603). 
10a,b. Hypotype: GSC 98653; Locality: E27 (GSC Loc. O-91794); Rennell Junction Member, Whiteavesi Zone. 
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JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 


EXPLANATION OF PLATE 8 


All figures are natural size. 


Figure 
BS, Ihaiinerien creator a(CHON tans NEM). ce Soo ccocnenp gone oncage shane snoopecosumiappopuue snd coDos EO poMatuno OED =aqear 
la,b. Hypotype: GSC 98645; Locality: D11 (GSC Loc. C- 80755): Ghost Creek Formation, Whiteavesi Zone. 
2. Hypotype: GSC 98646 (latex cast); Locality: G05 (GSC Loc. C-90580); Ghost Creek Formation, Whiteavesi Zone. 
3. Hypotype: GSC 98647; Well core sample: HOS (GSC Loc. C-90642); Ghost Creek Formation, Whiteavesi Zone. 
6. Hypotype: GSC 98695 (latex cast); Locality: D07 (GSC Loc. C-80249); Ghost Creek Formation, Whiteavesi Zone. 
bh. TRB ULATED INR GUC Ile snd.cn codnnoeshbasaadpaeegas whosOOshmOd bOBESe GEER Ee Sno. ccoto Dees Humaoone AnomnanptamRate 
4a,b. Specimen: GSC 98648; Locality: E34 (GSC Loc. O-91814); Rennell Junction Member, Whiteavesi Zone. 
SMMIFODIdOCerasy/lananintoDiusai (RUtterery S93) so axe senso) o1essl tape v oyster iat aera get decton shade oe ated eh eked ote cet ade ete defetotenen=t oar fei =is1¥- 
Hypotype: GSC 98699; Locality: 108 (GSC Loc. C-90974); Ghost Greek Formation, Imlayi Zone. 
fae Mropidocerastati=arursicosta (Buckman slQ8) 5 7. jo.cevaoe ore -ctolot = ofermer ela = Clevnerlas cick es eect ker et sector lite ae afo sth a de otate oo ster atcha one 
Specimen: GSC 98650 (latex cast); Locality: E01 (GSC Loc. C-80241); Ghost Creek Formation, Imlayi Zone. 
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EXPLANATION OF PLATE 9 


All figures are natural size. 


Figure Page 
|=) 4: @iropidoceras#landriniflandrini (Dumortier,, 1869): ~ 42:...2s0n.. tie 2t.acda ne oe eek eee eee eee EEE CECE eee 38 
1. Hypotype: GSC 87793 (latex cast); Locality: 108 (GSC Loc. C-90977); Ghost Creek Formation, Imlayi Zone; 
2. Hypotype: GSC 98652 (latex cast); Locality: I08 (GSC Loc. C-90977); Ghost Creek Formation, Imlayi Zone. 
4. Hypotype: GSC 95574; Locality: 108 (GSC Loc. C-90977); Ghost Creek Formation, Imlayi Zone. 
325, -ropiaocerasifiandriniopiusai(rutterer:, 1893): <a: 3a.ces.cain nese eeiac re eae ene eh ree eee ee oC eee 38 
3a,b. Hypotype: GSC 99044 (a = latex cast); Locality: DO8 (GSC Loc. O-93564); Ghost Creek Formation, Whiteavesi Zone. 
5. Hypotype: GSC 98654 (latex cast); Locality: DO8 (GSC Loc. O-93564); Ghost Creek Formation, Whiteavesi Zone. 
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JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 


EXPLANATION OF PLATE 10 


All figures are natural size. 


Figure 

1b eT opidocerasimasseanurm rotunda) (Butterer,, 1893). oa. che atts ac 2a nie aie olnie © suede miele olen debe gi efes sie hehel= +1 = 12] 12 2s tazeraf tate stolele ele a sene > 
1. Hypotype: GSC 95573; Locality: D11 (GSC Loc. O-93575); Ghost Creek Formation, Whiteavesi Zone. 
2. Hypotype: GSC 98656 (latex cast); Locality: D06 (GSC Loc. C-80246); Ghost Creek Formation, Whiteavesi Zone. 

2, MOTOS WAT FISHES A onc adaanasnne -nhGeo Noa qdO poss dee sno nds OnnaCooUGCHoPaduCaononoovudhonbs Shao cesaccooos aor 
3a,b. Specimen: GSC 98657; Locality: ET1 (GSC Loc. C-80836). 

4:7. Propidoceras cf. erythraeum)(Gemmellaro, 11884). 2... 0... ee ee eee eles one ee oe nice ele te wiles ee ere cle mete nea ene 
4. Specimen: GSC 98658 (latex cast); Locality: GO1 (GSC Loc. C-90978); Ghost Creek Formation, Imlayi Zone. 
7. Specimen: GSC 87788 (latex cast); Locality: G02 (GSC Loc. C-90556); Ghost Creek Formation, Imlayi Zone. 

SiGulGemmellarocerasichalloplocurm (Gemunellaros 884). sae seiner ee ess = 2 aegis spo oe aie beds woe yage eae abe ote nym ateyeisiieyetn spe teicns =) -talreoaek= 
5. Specimen: GSC 98659 (latex cast); Locality: G03 (GSC Loc. C-90547); Ghost Creek Formation, Imlayi Zone. 
6. Specimen: GSC 98660; Locality: E13 (GSC Loc. C-80329); Ghost Creek Formation, Imlayi Zone. 
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EXPLANATION OF PLATE 11 


All figures are natural size. 


Figure 

1=3', FrOPIAOCEFAS! SPECIES) Wd 65.535 oats. feo: )a cies fats el acake srssb eye ei aban ah shes Baas Lele os fee Renee eR ER Ia ee toes ona ee se eee eee ees 
1. Specimen: GSC 98662; Locality: 108 (GSC Loc. C-90977); Ghost Creek Formation, Imlayi Zone. 
2. Specimen: GSC 98663 (latex cast); Locality: G01 (GSC Loc. C-90549); Ghost Creek Formation, Imlayi Zone. 
3. Specimen: GSC 98664 (latex cast); Locality: E20 (GSC Loc. O-91803); Rennell Junction Member, Whiteavesi Zone. 

4=6. ‘Miltocerasiafi. sellae (Gemmellaro, W884); cn...) eccsuss ce ores cis vp cco «bela 2 meee ee eine eee eh ile ioe BEG eee eee 
4. Specimen: GSC 98665; Locality: E14 (GSC Loc. C-80330); Ghost Creek Formation, Imlayi Zone. 
5. Specimen: GSC 98666; Locality: G01 (GSC Loc. C-81926); Ghost Creek Formation, Imlayi Zone. 
6. Specimen: GSC 98667; Locality: ET1 (GSC Loc. O-93577). 

UB. CREYNCSOCOCIOCEFASISPD © 2 85,255.54 i5 ayesd ese eae ee se NEV RATE TENE oe YON ove eee) Dhatinre le OfeTe ke ete aetna nee teleosts etree rect Tel eet ee Teter 
7. Specimen: GSC 98668 (latex cast); Locality: GT1 (GSC Loc. C-90579); Rennell Junction Member. 
8. Specimen: GSC 98669; Locality: E40 (GSC Loc. C-80350); Rennell Junction Member, Whiteavesi Zone. 
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3,4,7,8. 


. Reynesocoeloceras cf. incertum (Fucini, 1905). 


. Reynesocoeloceras grahami, new species. 


JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 


EXPLANATION OF PLATE 12 


All figures are natural size. The last suture is marked by an arrowhead. 


la,b. Specimen: GSC 98670 (latex cast); Locality: E51 (GSC Loc. C-117284); Fannin Formation, basal Kunae Zone. 
2a,b. Holotype: GSC 98671; Locality: FT1 (GSC Loc. C-177370); Rennell Junction Member, Freboldi Zone. 
5. Paratype: GSC 98651; Locality: FT1 (GSC Loc. C-177370); Rennell Junction Member, Freboldi Zone. 
6a,b. Paratype: GSC 87809; Locality: FT1 (GSC Loc. C-177370); Rennell Junction Member, Freboldi Zone. 
Reynesocoelocerasmmortriieti(Meneg hint 1 SiS) siege a.siq te veve cscscicr= svelte TOI eve ete © ie ele imei eteterecens ei leke eisiers oseieis e¥eby © 
3a,b. Hypotype: GSC 99032; Locality: FT2 (GSC Loc. C-177368); Fannin Formation, Kunae Zone. 
4a,b. Hypotype: GSC 98673; Locality: DT1 (GSC Loc. O-48564); Fannin Formation, Kunae Zone. 
7a-c. Hypotype: GSC 98675 (b = latex cast); Locality: DT 1 (GSC Loc. O-48564); Fannin Formation, Kunae Zone. 
8. Hypotype: GSC 98674; Locality: DT1 (GSC Loc. O-48564); Fannin Formation, Kunae Zone. 
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EXPLANATION OF PLATE 13 


All figures are natural size. 


Figure Page 
1—4: Pseudoskirroceras\imlayi Smith.and' Tipper, U988). . <ciji sc <c.gevagre cs wash cteusues ain pei Stee ter nuevos cnchche eevee ere ele wae eee 41 
1. Holotype: GSC 87783 (latex cast); Locality: I08 (GSC Loc. C-90977),; Ghost Creek Formation, Imlayi Zone. 
2. Paratype: GSC 87785; Locality: 108 (GSC Loc. C-81733); Ghost Creek Formation, Imlayi Zone. 
3. Hypotype: GSC 98678; Locality: 109 (GSC Loc. C-81707); Ghost Creek Formation, Imlayi Zone. 
4. Paratype: GSC 87784; Locality: 108 (GSC Loc. C-81733), Ghost Creek Formation, Imlayi Zone. 
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Figure 
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EXPLANATION OF PLATE 14 


All figures are natural size. 


I\, Javon lanl anoganes ila Saatin antl Iho WEL, coadssccdsnnoovoasonge ban nenocoogon boob ooapbocodonnbdoppbonmoDcobono 41 


I 


Ben 


Hypotype: GSC 95572; Locality: I08 (GSC Loc. C-157551); Ghost Creek Formation, Imlayi Zone. 
Hypotype: GSC 98737; Locality: 108 (GSC Loc. C-157551); Ghost Creek Formation, Imlayi Zone. 
Hypotype: GSC 98700 (latex cast); Locality: I08 (GSC Loc. C-157551); Ghost Creek Formation, Imlayi Zone. 
Hypotype: GSC 98715 (latex cast); Locality: 108 (GSC Loc. C-157551); Ghost Creek Formation, Imlayi Zone. 
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EXPLANATION OF PLATE 15 


All figures are natural size. 


Figure 
l.. Pseudoskirroceras imlayi Smith:and Tipper; 1988. =... .....2....2¢ eases oe oacehjesierie deiacioels ee erie eee eer 
Hypotype: GSC 98680; Locality: 108 (GSC Loc. C-90977); Ghost Creek Formation, Imlayi Zone. 
2... Phricodoceras cf: taylori:(J..de€. Sowerby; 1826) 0 ©. acne sense epoterte oe oe ae ee oes ee eee eee eres 
Specimen: GSC 87789 (latex cast); Locality: 108 (GSC Loc. C-90974); Ghost Creek Formation, Imlayi Zone. 
3,4., Dubaricerasysilviesi (Hertlein,, 192'5)>-scciscccee cand cvsusrecpe dict eb pin Se oted © Seeese nlite Gea hes ele tet eras ee ie eet atel etter cle sees oreo act eee 
3. Hypotype: GSC 87792; Locality: GT3 (GSC Loc. C-81712); Rennell Junction Member. 
4. Hypotype: GSC 98683; Locality: 102 (GSC Loc. O-93721); Rennell Junction Member, Whiteavesi Zone. 


43 


BULLETINS OF AMERICAN PALEONTOLOGY, VOLUME 108 PLATE 15 


BULLETINS OF AMERICAN PALEONTOLOGY, VOLUME 108 PLATE 16 


JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 101 


EXPLANATION OF PLATE 16 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure Page 
1,2. Dubariceras freboldi Dommergues, Mouterde, and Rivas, 1984. . 
1. Hypotype: GSC 87794 (latex cast); Locality: GT3 (GSC Loc. C-90587); Rennell Junction Member, Freboldi Zone. 
2a,b. Hypotype: GSC 98686; Locality: E48 (GSC Loc. C-90554); Rennell Junction Member, Freboldi Zone. 
S97, WMA ORAS Colton (stots WAI pos pence Sntenn or GbE CUBA Uehos boo bo Ob CAads So mo ao nOdorn os buen Dbdc one Gmed a ositins 44 
3a,b. Hypotype: GSC 95576; Locality: E27 (GSC Loc. O-91794); Rennell Junction Member, Whiteavesi Zone. 
4. Hypotype: GSC 98688 (latex cast); Locality: D03 (GSC Loc. O-93565); Ghost Creek Formation, Whiteavesi Zone. 
5a,b. Hypotype: GSC 98689; Locality: ET1 (GSC Loc. O-48603). 
7. Hypotype: GSC 98691 (latex cast); Locality: D03 (GSC Loc. O-93565); Ghost Creek Formation, Whiteavesi Zone. 
Oy MGC EROCACOY ahi, Tonga (acre Gl IO), soosasdasosenae paccoeebondatooes boosmaonnasocdnoodansoddcl Rt Oe 45 
6a,b. Specimen: GSC 87797; Locality: C03 (GSC Loc. C-80610); Fannin Formation, Freboldi Zone. 
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EXPLANATION OF PLATE 17 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure 
1. Metaderoceras sp. Se eee ee eee Lee hee in nie Ait ceases AAA Nin AGaRAanaoodbbbSuooboocaccoc 
Specimen: GSC 98702; Locality: BT1 (GSC Loc. C-117025); Ghost Creek Formation, Imlayi Zone. 
2,3. Metaderoceras talkeetnaense Thomson and'Smith; 1992.) 3c ociee caw ct coed cee eo ee eee 
2a,b. Hypotype: GSC 98703; Locality: E38 (GSC Loc. C-80348); Rennell Junction Member, Whiteavesi Zone. 
3. Hypotype: GSC 98704; Locality: GT1 (GSC Loc. C-90579); Rennell Junction Member, Whiteavesi Zone. 
4‘5. Reynesocerasicolubriforme (Bettoni. 1900): ..0vie sis sars ee hue x eaves Wises eve ccl We ee OU ee ee 
4a,b. Hypotype: GSC 87796; Locality: E57 (GSC Loc. C-90614); Fannin Formation, Kunae Zone. 
5a,b. Hypotype: GSC 98706; Locality: E57 (GSC Loc. C-90614); Fannin Formation, Kunae Zone. 
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JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 


EXPLANATION OF PLATE 18 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure 
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6,7. 


WGC DBRS ANG VA Ol eat ICP) ) See een eee oe Enotes Gare bp ae Sea e Eye Sa scoGaGoo sae ecnemarna ae 
Hypotype: GSC 98707 (latex cast); Locality: D07 (GSC Loc. C-80249); Ghost Creek Formation, Whiteavesi Zone. 
iReynesocerasiatbacoluoriforme (Betton 1900). 22s saseers ceierscieiciercissseeichehetstaletal ae icioaicy-iske o/efev)ave ihe siatererelcteke eesti feolsale 


2a,b. Specimen: GSC 98708; Locality: E57 (GSC Loc. C-90614); Fannin Formation, Kunae Zone. 


TREMORS alterico Ceusi, WOON) seGonegeccsnesaousconsocgsuns m0 6adouoMb es odaaopod bonded. .q0GauGnoccdnumnuooT 


Hypotype: GSC 98712 (latex cast); Locality: 105 (GSC Loc. O-93723); Fannin Formation, Kunae Zone. 


DMEF, TDs. oon ducd es004006 5005 SURO CER e OOD OOOO Os SD SOR a PAO sanDo Gasneh ono oD usons8e MoooU OMS Ton 


Specimen: GSC 98709 (latex cast); Locality: ET4 (GSC Loc. O-93579); Fannin Formation, Kunae Zone. 


Reynesoceras S Deeded teelencne mene eaecsretneeatiahelrot al alaueleishee) felis colle a jeieedek ope tataiing=at hats al/a} stefisiiatia\ley’sielvlisfat ebeXotaiieislic!=(aetotaetetshsletete relat sisie)~/eie\+s 


5a,b. Specimen: GSC 98672; Locality: E57 (GSC Loc. C-90614); Fannin Formation, Kunae Zone. 


IREEROGA OS (OL CA OE US ER MOI), connsosodocodejoushacnopnuegessss asegooMepoousdeeLl05 pHSdsonny Ss oOGcasG0US 


6a,b. Hypotype: GSC 87800; Locality: DT1 (GSC Loc. O-48564); Fannin Formation, Kunae Zone. 
7a,b. Hypotype: GSC 98714; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 
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EXPLANATION OF PLATE 19 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure 

lev Amaltheusistokesiul(in Sowerby; U818)>.o<,25) sed crosses «oie fase pitino sisiw cascennivinte: sale oiond ae tee esta eae eee Ee ee ene ee 
la,b. Hypotype: GSC 98711; Locality: FT2 (GSC Loc. C-56954); Fannin Formation, Kunae Zone. 

2. Liparoceras)(Becheiceras)\bechei(J..de:G- Sowerby;, 182): vy. gests conse yeleaie do et eee ane oR eee een eee eee 
2a,b. Hypotype: GSC 99033; Locality: FT2 (GSC Loc. C-177368); Fannin Formation, Kunae Zone. 

3: *Metaderacerasimouterdel:(Erebold, 97.0): csepeveccysis sceove enn oe eashan custo thc fovs tah ste otene sda ee 
3a,b. Holotype: GSC 20337; Locality: ET1 (GSC Loc. O-48603). 

4. Metaderoceras?athmouterdet(Frebold, 1970)... cc. cccure teen eee eae ee 
4a,b. Specimen: GSC 98692; Locality: CO3 (GSC Loc. C-117027); Fannin Formation, Freboldi Zone. 
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14a 


JuRASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 


EXPLANATION OF PLATE 20 


All figures are natural size. The last suture is marked by an arrowhead. 
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la,b. Hypotype: GSC 78715; Locality: E32 (GSC Loc. O-91807); Rennell Junction Member, Whiteavesi Zone. 


> ALTA IGS TABZEG ID (MN ona COSY), Ca concococeunacuanGne er mencsGsncdendadnéoovndoonsobpoboutcanes ome oneOCpDRN Ean 


2a-c. Hypotype: GSC 87805; Locality: E62 (GSC Loc. C-81716), Fannin Formation, Carlottense Zone. 


, AA IENS Stal zat Us Soneions, Oe poppe acaenso obeys ce gonbooeds olleradomommdooonnddhancanseobemicoDUn eo GodbomeaOeG 


3a,b. Hypotype: GSC 98717; Locality: GT4 (GSC Loc. C-81927); Fannin Formation, Kunae Zone. 
ATIGHEGS Cu CO pei ape UN Eins NEG pcacnsocccossoouss anceondashosndrornnouonncongsooposoanobuetondodopOemOOC 
4a,b. Specimen: GSC 98718; Locality: ETS (GSC Loc. C-117002); Fannin Formation, Carlottense Zone. 


> AGGIRTED CIGD (GE NCO), oo oAnacoe sOsoaces pepeebdar odd connusdecodddpodda doom saonsAccepandocosonuoOonHdomcs 


5a,b. Hypotype: GSC 98719; Locality: GT4 (GSC Loc. C-81927); Fannin Formation, Kunae Zone. 


5 AERC HES [DAE VANE NOG, bo concandcoons be aoune dansonuadeoON ad oUdAndcooM opnoodo nha vooaacusouse baucooopacdwobo. 


6a,b. Hypotype: GSC 98720; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 

7a,b. Hypotype: GSC 98721; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 
VAT LELICEr ASC IMICHASLENIAS| (MEMeg HIM agli) rmetstepete ss tate ster= rate a: cietec<venshe ofp ef=\eyshela (let ayaleke fel de ore ere ese) slete|etstetela/sieioresatelelsisicioteisl« 
Specimen: GSC 98722 (latex cast); Locality: 117 (GSC Loc. C-81703); Fannin Formation, Kunae Zone. 


L AWGTANETCS CO PHTAIANE CeOnCH IGS caceponon ges usbooguperdcco dpe sun ounocnemeassnonnnodopocagonnoutecpomarnnoc 


9a,b. Specimen: GSC 98723; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 
10a,b. Specimen: GSC 98724 (b = latex cast); Locality: 114 (GSC Loc. C-81730); Fannin Formation, Kunae Zone. 


PRATICLICELAStAltealvOy Anus (Oppel aps OD) smart area fa eeie voles cele varoice et cietede ete ere haneyasaheyece oranerate stesate\ensisyefetepeveKere e/rleiete)s)=/=Vois 


11. Specimen: GSC 98725; Locality: 117 (GSC Loc. C-81703); Fannin Formation, Kunae Zone. 
12. Specimen: GSC 98726 (latex cast); Locality: 117 (GSC Loc. C-81703); Fannin Formation, Kunae Zone. 


5 ORFZO ED? CENRODL WEP SSO. = oacSnccuooncds Soto SP OORERCOOUG CDUGUEE On SL COSONBECOoEScAaotGcco Darn Ho CoDUABHe Rona 


Holotype: GSC 98727; Locality: E63 (GSC Loc. O-93750); Fannin Formation, Carlottense Zone. 


MPRICIAINGICERASINELGIN LT (IRE YNES WIS OS) seer strereteeetate slere eile sicraisaicrater nace cue sverotetate fat ctatshe eeetcantcl fans teeeteqey ofe eleteyels\cleyeyelereistercisie 


14a,b. Hypotype: GSC 98728; Locality: ET5 (GSC Loc. C-117031); Fannin Formation, Carlottense Zone. 
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106 BULLETIN 348 
EXPLANATION OF PLATE 21 
All figures are natural size. The last suture is marked by an arrowhead. 
Figure Page 
14. “Fieldingiceras pseundofieldinott: (Fucini,, W904)s, ss sraeus «sje «2s ceeeeicts ee eho) ore uare bets ara] Sane oye ese shee ear erate oa eee eee 60 


Ww 


6,7. 


la,b. Hypotype: GSC 99025; Locality: I07 (GSC Loc. C-177355); Fannin Formation, Kunae Zone. 
4a,b. Hypotype: GSC 99036; Locality: FT2 (GSC Loc. C-177368); Fannin Formation, Kunae Zone. 


. Arieticeras disputabile (Rucinis 1908) 0k es rteiecaias cee erica eotcnc re tate teense ere eel aey er ehera nis eit reticence eet eet eee 54 
2a,b. Hypotype: GSC 99037; Locality: FT2 (GSC Loc. C-177368); Fannin Formation, Kunae Zone. 
» Fieldingicerassfeldingit: (Reynes; 1868). tio scsi ee eto e afoese P= epee elo co let etre chao ee T nico sn aver ete besckoie to stotetetetede etter reer 60 


3a,b. Hypotype: GSC 99040; Locality: ETS (GSC Loc. C-80833); Fannin Formation, Carlottense Zone. 


Re Oe FTAs 1 AT ROL) Ot 8 See ieee oar ee ne eee eee ene Coen Came be ts Trt ane Aes Ala ee Ee ER MS NTO) c.0.0 8.0.00 8 elo-0 59 


Specimen: GSC 98698; Locality: E61 (GSC Loc. C-80825); Fannin Formation, Carlottense Zone. 

FUCITICEN.GS. SD oe Fee ae NOTE UE RR PRET ee RETR a ane cise Eee 63 
6a,b. Specimen: GSC 99035; Locality: FT2 (GSC Loc. C-177368); Fannin Formation, Kunae Zone. 

7a,b. Specimen: GSC 99034; Locality: FT2 (GSC Loc. C-177368); Fannin Formation, Kunae Zone. 
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Figure 


6,8-9. 


14,15. 


16. 


JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 107 


EXPLANATION OF PLATE 22 


All figures are natural size. 


Page 

> ROMANTIC I seosuocavehancoau soos sabopaosaneueddooolde Gouda updods oR ese enn ereposaErc ponoucooUnDnoGsaneS 58 
la,b. Specimen: GSC 98583; Locality: E52 (GSC Loc. C-90553); Fannin Formation, Kunae Zone. 
2a,b. Specimen: GSC 98584; Locality: D22 (GSC Loc. C-80768); Fannin Formation, Kunae Zone. 

5 JRALDOETIES RATA oeay Vato WOLD oss cancun mound Oop oacopoonesoogsOumbb docongauenreuoogunuoDocoDUdaRooEEe 60 


3. Hypotype: GSC 98587; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 
4a,b. Hypotype: GSC 98590; Locality: D20 (GSC Loc. C-80765); Fannin Formation, Kunae Zone. 
5a,b. Hypotype: GSC 98591; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 
LATAROETES Ais Cag iainice (aueii, MOSK. 2 peoégcgeacounnroacs boBse bono sono GaobD 55 on oaeospNan dU COU TODUdEDOEDSO OS 57 
6. Specimen: GSC 95577 (latex cast); Locality: 117 (GSC Loc. C-81703); Fannin Formation, Kunae Zone. 
8. Specimen: GSC 98593; Locality: 117 (GSC Loc. C-81703); Fannin Formation, Kunae Zone. 
9. Specimen: GSC 98599 (latex cast); Locality: 117 (GSC Loc. C-81703); Fannin Formation, Kunae Zone. 


| LG RARGETES Goin ie. (NoneKNG, WOE) Soscgetunt ocsgepuUserbEno oan ncenouaEaecsecrsanodcecusmUcdas dEpounpordr 57 


10a,b. Hypotype: GSC 98601; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 


, LLGTGARTITID Sy 2.6.06 6 00a 00 op ddblb Dy UU O ee eE Honoree oO DHA obe dha soca aco ONC enAne ee noabE es Coe RU once auohort 58 


7a,b. Specimen: GSC 98592; Locality: FT2 (GSC Loc. C-177368); Fannin Formation, Kunae Zone. 
11. Specimen: GSC 98605; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 

12a,b. Specimen: GSC 98602; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 

13a,b. Specimen: GSC 98604; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 

TPARNAG ED. Ce Haigawau look NCO, phoccedsngaecaccds abosibacaDd de daacupbob Keeeauadamecponoone peso uN moaooUdoE 61 
14. Specimen: GSC 98606; Locality: 117 (GSC Loc. C-81703); Fannin Formation, Kunae Zone. 
15. Specimen: GSC 98609; Locality: 117 (GSC Loc. C-81703); Fannin Formation, Kunae Zone. 

LIGHTED EUG Uaviardaos (ere, NON pAaeangaenesotosoomcnmomcngoraddcn,qcu.cnetun als ocodon Geb OnOmOuS > boo.c.prerthe 63 

16a,b. Specimen: GSC 87801; Locality: E52 (GSC Loc. C-90553); Fannin Formation, Kunae Zone. 
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EXPLANATION OF PLATE 23 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure Page 


1-3. 


Protosrammoceras:(Protogrammoceras)Usp. 23.0 esis cee nieen tes oe eee eon oO EEE 64 
la,b. Specimen: GSC 98744; Locality: ETS (GSC Loc. C-80834); Fannin Formation, Carlottense Zone. 
2a,b. Specimen: GSC 98745; Locality: E63 (GSC Loc. O-93750); Fannin Formation, Carlottense Zone. 
3a,b. Specimen: GSC 99016; Locality: E62 (GSC Loc. C-81716); Fannin Formation, Carlottense Zone. 


= Genusiandispecies indete (ous ccc oocinn so eew ys ae peaties Deeeee er toe eee Te ee Se een eee 67 


Specimen: GSC 99013; Locality: FT2 (GSC Loc. C-56954); Fannin Formation, Kunae Zone. 


. Protogrammoceras (Matteiceras) cf. diornatum Dommergues, Meister and Fauré, 1985. ............0 00.0000 cee eee eee 67 


5a,b. Specimen: GSC 98743; Locality: 106 (GSC Loc. C-90542); Fannin Formation, Kunae Zone. 
6a,b. Specimen: GSC 99014; Locality: FT2 (GSC Loc. C-56954); Fannin Formation, Kunae Zone. 
7a,b. Specimen: GSC 98742; Locality: D20 (GSC Loc. C-80765); Fannin Formation, Kunae Zone. 
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EXPLANATION OF PLATE 24 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure Page 
1-4. Protogrammoceras (Protogrammoceras) cf. paltum (Buckman, 1922). .......... 0... cece ec eee eee tee eee fa (66 
la,b. Specimen: GSC 98747; Locality: 103 (GSC Loc. C-90559); Fannin Formation, Carlottense Zone. 
2a,b. Specimen: GSC 99015; Locality: ETS (GSC Loc. C-117005); Fannin Formation, Carlottense Zone. 
3a,b. Specimen: GSC 98697; Locality: ETS (GSC Loc. C-117003); Fannin Formation, Carlottense Zone. 
4a,b. Specimen: GSC 98746; Locality: D27 (GSC Loc. C-80776); Fannin Formation, Lower Toarcian. 
516.) Erotosrammoceras, (Protogrammoceras)) kurrianum (Oppel; W862). sso. secre ove ay~ «+ > erstotane a) oictere efeieiclelaie =i toes *)el= aii tseieisisiiz.e.> 64 
5. Hypotype: GSC 98733; Locality: D24 (GSC Loc. O-93754); Fannin Formation, Carlottense Zone. 
6. Hypotype: GSC 87808; Locality: E68 (GSC Loc. C-80786); Fannin Formation, Carlottense Zone. 
7-9. Protogrammoceras (Protogrammoceras) aequiondulatum (Bettoni, 1900). 2.2.0... 6.60 eee teens 63 
7. Hypotype: GSC 98734; Locality: ETS (GSC Loc. C-117031); Fannin Formation, Carlottense Zone. 
8. Hypotype: GSC 98649; Locality: E63 (GSC Loc. C-90545); Fannin Formation, Carlottense Zone. 
9a,b. Hypotype: GSC 98735; Locality: ETS (GSC Loc. C-117031); Fannin Formation, Carlottense Zone. 
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EXPLANATION OF PLATE 25 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure 
1=3. Protogrammoceras (Protogrammoceras) Skidegatense: NEW SPECIES.) < scciicroie sche ties states oso eso ce eye 2s orci cie Volare eee ee eye 
1. Paratype: GSC 98741; Locality: E63 (GSC Loc. C-90545); Fannin Formation, Carlottense Zone. 
2a,b. Holotype: GSC 98740; Locality: D25 (GSC Loc. C-80772); Fannin Formation, Carlottense Zone. 
3. Paratype: GSC 98739; Locality: D24 (GSC Loc. C-0-93574); Fannin Formation, Carlottense Zone. 
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Figure 


5,6,9-11. 


7,8. 


. Lioceratoides (Lioceratoides) maurelli (McLearn, 1930). 


JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 


EXPLANATION OF PLATE 26 


All figures are natural size. The last suture is marked by an arrowhead. 


Holotype: GSC 9052; Locality: DT2 (GSC Loc. O-13630); Fannin Formation, Carlottense Zone or Lower Toarcian. 
TtOCeratoldes| (EIOCETALOIAES) KINVOLULUIs NEWsSPECIESs.3. -e.oy= Hee cre ee eh etree ee elton tees eile siete ei vere: ci elolecs=ticlc 
2a,b. Paratype: GSC 98644; Locality: ETS (GSC Loc. C-81917); Fannin Formation, Carlottense Zone. 
3a,b. Paratype: GSC 98705; Locality: E62 (GSC Loc. C-81716); Fannin Formation, Carlottense Zone. 
4a-c. Holotype: GSC 98716; Locality: ETS (GSC Loc. 0-48563; Fannin Formation, Carlottense Zone. 
isioceratoldes) (ieioceratoides).allifordense\ (Mclean: 1.930). narra sero ltteer ol ale eae ieratet eV eters eto svale cts) suave evereyeictenet=he oye 
5a,b. Hypotype: GSC 98641; Locality: E67 (GSC Loc. C-807853); Fannin Formation, Carlottense Zone. 
6a,b. Hypotype: GSC 98643; Locality: D24 (GSC Loc. O-93574); Fannin Formation, Carlottense Zone 
9. Holotype: GSC 9053; Locality: DT2 (GSC Loc. C-117033); Fannin Formation, Carlottense Zone or Lower Toarcian. 
10. Hypotype: GSC 98736; Locality: E65 (GSC Loc. O-91835); Fannin Formation, Carlottense Zone. 
11. Hypotype: GSC 99046; Locality: DT2 (GSC Loc. O-13630); Formation, Zone. 
Lioceratoides (Lioceratoides) sp. juv. 


7a,b. Specimen: GSC 6489 (Harpoceras sp. A of McLearn, 1932); Locality: DT2 (GSC Loc. C-117033); Fannin Formation, 


Carlottense Zone or Lower Toarcian. 
8a,b. Specimen: GSC 98642; Locality: D26 (GSC Loc. O-93582); Fannin Formation, Lower Toarcian. 
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EXPLANATION OF PLATE 27 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure Page 
1:2. Lioceratoides (Eioceratoides) ck: grecot (Fucini, 1901) s 220i sn scot oe ctesease oo «aye oles eheVatevess os = (aha ei ales istelel = spel ofelniot=y {eel yi kekeneestate 68 
la,b. Specimen: GSC 98677; Locality: ETS (GSC Loc. C-117002); Fannin Formation, Carlottense Zone. 
2. Specimen: GSC 98679; Locality: E62 (GSC Loc. C-81716); Fannin Formation, Carlottense Zone. 
3=7. Lioceratoides (Pacificeras)_angionus\(Fucini, 93'1)5ooe.c 255.0 adie s wie © slots o ve elms ten eleiefesete ote esrucrare/ay=foen=)a\nus)ajsta\al alata otenatetet eternal 71 
3a,b. Hypotype: GSC 98611; Locality: E65 (GSC Loc. C-80783); Fannin Formation, Carlottense Zone. 
4. Hypotype: GSC 99045; Locality: ETS (GSC Loc. C-117003); Fannin Formation, Carlottense Zone. 
5a,b. Hypotype: GSC 98634; Locality: E67 (GSC Loc. C-80785); Fannin Formation, Carlottense Zone. 
6a,b. Hypotype: GSC 98640; Locality: E65 (GSC Loc. O-91835); Fannin Formation, Carlottense Zone. 
Ja-c. Hypotype: GSC 98732; Locality: D24 (GSC Loc. O-93574); Fannin Formation, Carlottense Zone. 


BULLETINS OF AMERICAN PALEONTOLOGY, VOLUME 108 PLATE 27 


BULLETINS OF AMERICAN PALEONTOLOGY, VOLUME 108 PLATE 28 


JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 113 


EXPLANATION OF PLATE 28 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure Page 
1-11. Lioceratoides (Pacificeras) propinquum (Whiteaves, 1884). 2... 2.6. cece cece tee te eee e rere tenet teen tele ceeees 71 
la,b. Hypotype: GSC 98681; Locality: E63 (GSC Loc. C-90545); Fannin Formation, Carlottense Zone. 
2a,b. Lectotype: GSC 4877; Locality: DT2 (GSC Loc. C-117033); Fannin Formation, Carlottense Zone or Lower Toarcian. 
3. Hypotype: GSC 98682; Locality: E63 (GSC Loc. C-90545); Fannin Formation, Carlottense Zone. 
4a,b. Hypotype: GSC 98685; Locality: ET5 (GSC Loc. C-80824); Fannin Formation, Carlottense Zone. 
5a,b. Hypotype: GSC 87804; Locality: ETS (GSC Loc. C-117003); Fannin Formation, Carlottense Zone. 
6a,b. Hypotype: GSC 98687; Locality: E62 (GSC Loc. C-81716); Fannin Formation, Carlottense Zone. 
7a,b. Plesiotype of McLearn (1932): GSC 6491; Locality: DT2 (GSC Loc. C-117033); Fannin Formation, Carlottense Zone or 
Lower Toarcian. 
8. Hypotype: GSC 98661 (latex cast); Locality: E67 (GSC Loc. C-80785); Fannin Formation, Carlottense Zone. 
9a,b. Hypotype: GSC 98655; Locality: E67 (GSC Loc. C-80785); Fannin Formation, Carlottense Zone. 
10a,b. Hypotype: GSC 98676; Locality: ETS (GSC Loc. C-117003); Fannin Formation, Carlottense Zone. 
lla,b. Hypotype: GSC 87806; Locality: ETS (GSC Loc. C-117003); Fannin Formation, Carlottense Zone. 
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EXPLANATION OF PLATE 29 


Figure is natural size. 


Figure Page 
|. Lioceratoides (Pacificeras) propinquum)(Whiteaves, 1884). 2.5 4.24 0226 ssn een elec hE ee Ee eee ee Ce CLE 71 
la,b. Plesiotype of McLearn (1932): GSC 6490; Locality: DT2 (GSC Loc. C-117033); Fannin Formation, Carlottense Zone or Lower 
Toarcian. 
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EXPLANATION OF PLATE 30 


All figures are natural size. The last suture is marked by an arrowhead. 


Figure Page 
lil, THROATED GTP Rico (Wrin ea COS e pan mco.c pace bob on aoe de omodoigc chic dodo oud Gar boo odd hide nonnr amp nr toaiaonmer ttn ai. 72 
la,b. Hypotype: GSC 98728; Locality: E62 (GSC Loc. C-81716); Fannin Formation, Carlottense Zone. 
2. Hypotype: GSC 98713; Locality E65 (GSC Loc. C-90544); Fannin Formation, Carlottense Zone. 
3a,b. Hypotype: GSC 98730; Locality: ETS (GSC Loc. C-117002); Fannin Formation, Carlottense Zone. 
4a,b. Hypotype: GSC 98731; Locality: ETS (GSC Loc. C-117003); Fannin Formation, Carlottense Zone. 
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AE OR eae 3,5,24,25,27,29,43,Tf. 27,30,31 
(Fanninoceras) kunae McLearn, 1930 4,27,30,31,32,Tf.30 
(Fanninoceras) latum McLearn, 1930 .... 4,27,31,32,T£.30 
(Eanninoceras)iSpDseacee-te tenn cle cee eee 4,31,32 
aisciforme Hillebrandt;, 1981.0 20.5 25 ccs 6 ssiereeveyapsiees 27,28 
behrendsenii(aworski)i. cerssciiscriseicie cers 27 
dolmagiiMcWearn:, 1932/0 yaa este teaeieecreeeereae 3,27,29 
lowriviMcleearmn: 1930) wee sa ceses cieeieecta lec eens: 4,27,30 
oxyconumHillebrandt: 1981) 3... 2.6.2 sce aree hoses 28 
antinisSestini (O62) mance atncte cic cseercraniier er recite 55,56 
BantinicSestinii (19/4) acct ea nae.ceisacie ee eee eee 20 
Bantini, Sestinii (975). le scars. cinncinne ete aoe as 46,47 
antiniiSestini (1 9i/:7) eecccraccee hte ersernae clon: 54,55,56,58 
antini¢Sestinia(97:8)i seria ch eric ceicicciiee nie aes 40,41 
ernie x Group ices sfeiteeraet Hea tae ees tesa se ovmarenod sls abe tencucue eget Qi: 
Rerrettii(U97.2) rates, css-sonitiera cepa sueke eatusleettis aercchay hoe 56,63 
RieldinciaiGantaluppi, 0957.0) aeyaset presser crept tere oy sieetene 60 
ieldin git; Fieldingicer as an tine ete eae ee 20,21,60,Tf.37 
Fieldingiceras Wiedenmayer, 1980 ...................25- 60 
jieldingii((Reynes; 868) ccs acts vest eyes 20,21,60,Tf.37 
morganense: (Imnlay5!9 68) ies ever es anche nyc onan -nateenetareneneunsahoes 60 
pseudofieldingii (Fucini, 1904) .......... 21,20,60,Tf. 37,38 
ASCH Ts (OH) a cccnacs trees seeee Susyeusteeronete e-cuthsstospevekone Metta 46,47,49 
Fischer y(t! 9s7'5)).vocaices cena sversyccebsversia ceo ous axspon ves so sieustafass choke 57,65 
SPlandrini, TirOpidOcCer aso sce 5 vistas 3 eee wis) sisis) seoyoG le ashore 8,9,38 
FontanellicerasvRuciniedl 931) es cstee crces cikerateencte yi 58,59 
cf. fontanellense (Gemmellaro, 1886) .................. 58 
yuliaeRuciniy W938 oo. Bae meses styahe ioeasis eer aeaie eee 58 
SD re bos rac mea sarees fuive vata eeein nani ancien Se ae 22,58 
ICANN CO va yegs ce ditxer Bees cg aisles 4 38,39,44,49,53,55,57,58,60,61,67 
Rreboldi(964a)) macce eas aes ee ete ce 32,51,53,54,56,57,60,72 
Ereboldi(lO64b) i ncssute cies 1 cate che mete at 28,29,68,71 
Breboldi (966), seeon1s athscen ene chess ania aerate eateace 511 
Ereboldd@Q96i)y Mess. ccaioccke yreaca taliida ore 26,28,29,30 
JShqeloyo} (al (QIAO) tk, oo SEER eo a aoe een ee Ree BO oie 
eee 7,33,35,36,37,41,42,43,44,45,47,51,54,64,65,66 
Ereboldu(iOi/5) aces stpevee sic, arene ioc tartva aiisyanc oles rs, acre teen alehe cvs 51 
Frebold and Little (UGG 2). 8.02 5: coco. ole sougus ie. 6ave.'s ws syoue, sieve ty eyene 42 
Frebold, Mountjoy and Tempelman-Kluit (1967) ......... 51 
PTEDOIAPDUDATICENAS) pevesziavey sie easter cee <i ees 16,15,42,53,Tf.33 
Freboldi¢Zone), ..24.0)0 <c-ctecie ieee 7,34,35,42,43,46,47,49,50,53 
Frontier 'Geosciencée\Program’ 5.0.0: .30 0066602 cdeddse Be a 
Fcrni: (1896)! pcs cette Sees RPA Arie err et nes ie 38 
UCI (SOO) a a sercctary eset ssn ea each meena ea 23 
UCI (OOO) eerene ts cuca ceetate Aeetenepeve «ai chayac a cevevetener 19,23,38,61 
FUCIMI (UG OVA) (syciat Sin aeeiw a eee rears ore elelors ratensgans 47,49,60,63,68 
UCI (UOOMD) i ccus dears stays o ctarareuers seccesnreets aa mae tle ieee epee 19 
uci (lS O4)p so. 1p-k seats cera conan ctesiaeyskcrsease eevee 60,61 
FE UCita ih (DOS) xa cawsscusssscete tr ensicrsn Siarecetotebn’ op chencietsjeasr tats 46,47,49 
uci (90 8a) wrdaaescn <cyeminthet tance ani soe rels 47,56 
Fucinis (1908 b) i. sees se conte catenins ae ee eer 54,63 
Bec 1mni (1924 yh 8 care ace ee avant yen ar Shes at NS 44,63 
Bucint) (1929) copie. erasers <,croyatavercpars OR rane 63 
UCN CLOGS) o oencoees cys arcee ein yess BAe 54,56,57,58,68,71 
Bucinin (19S S)ieeery eh. cc a ctislensrs, sleravches. sie coh erasers 41,42 
FUuciniCeras Haass, VON a vere tie tott oyeet ers tes siae ass ovr soaveyars) ori 61 
Chicapelliniiiofelmlayer U9 GSP ys a3 Ses esc cctlere: a, tr.acccsreorinstaysvotere 59 
Compressum(Monestier)) ©. cite eqs pinn a were nuseieteiscacrele 57 
Cheinelytumiok Imlay, 1968 5c siete eyeferersracne scien ass saisgceehayens 59 
aff. intumescens (Fucini, 1901) ............... 22,63,Tf.39 
lavinianurni (RUGCINI) ox... ate eircom nels cerisee cic 63 
SDs. hescladgiipnnivs setae baste Seamagatirerte ts pais Seshay eo ecevapeasherere 21,63 
sp.A of Imlay, 1968 ........ SRN RSET: 59 
Sp:Biofilmlay:: 1968> = sacs cra cvonacessteserste te esos averoporais ones 59 


Chitargionit(Rucint 1905), se.qccseenee ane ere 22,61 
Futtereri€1 893) cee nd. waditertar ters aerate ca eee eee 37,38 
Geczy (ISO) es Seite lare ciore sie ecyoerel cease te eee eee 40 
Geezy\(U9 GT) eeetesse phe eterna, eter oie ree Ree 51 
Geezy (O76 we eee eae ee 33,38,40,47,49,52,53,61 
Geéezya Fantini Sestini, 1977" ene. oer anne eee 54 
Gemimellarov(isS4) eerie eerie seneietel eee 19,34,38,42 
Gemmellaroi(l'S86)fe esas eae cee nee eee 59,63 
Gemmellaroceras Hyatt, 1900 .................55. 33,37,40 

aenigmaticum (Gemmellaro, 1884) ............ 6,34, Tf.26 

cf. alloplocum (Gemmellaro, 1884) ............. 10,34,42 

SD cde Sateen ee ssoeereete ciate tctet rece teres 6,34 
Genus and'speciestindetar ctr. coe eee ee 23,67, T£.38 
Germany, Sia tcc sence corer ometcieiok noes 35,38,39,40,58,72 
(STH Al OL A0) eerie eine tear ane Meena bem Srcth cst occ o 35 
Ghost Creek Formation 7,11,34,35,36,37,39,40,41,43,44,46 
Gleviceras Buckman: 1918" 5c... cee ce cre one oe 33 

gleyense Buckman; 19118) a... oieiccattee cea eee 33 

1) 0 ann Ra RIE ts kan ON aed Serer RAEI IOI ko HagiotG Ainfata\o.0:0'0 232) 
GlevumitesBuckmansiVOll8), si. ssucteeencterte ieee erste 33 
Grahamnlslandi yee wre cteee eeee 8,22,49,76 
grahami, Reynesocoeloceras ........... 0c cece ee 12,7,49 
Grammoceras aequiondulatum Bettoni,Del Campana, 1900 .. 63 

bassaniiFucini 90a ae ets kee eee 63 

Fieldingti((Reynés) ibe fee. ayccst- anette eee eee 60 

penenudum Monestier,1934) .2.2....-22)-- eee cere 61 

pseudofieldingii (Fucini),Monestier, 1934 .............. 61 

syema Monestier (1934) x eect crass teeter einen 60 
Grammoceratoides:Mattei, 1967"~ 3.200. sm eee cee 60 
Great Britain oe a ees etree eee eee 72 
grecou LAigceratoides (La) Ch sosmaerise ei ee cee 27,68 
Guext(973) ee sate toss nae etree rmrchacie sett 58,68,70,71 
Guibaliceras Buckman, VIOUS <0 %.c strc an even eter 33 
Haas (93); hohe daha ea sarsans cnerartoae ree eae 61 
Haida: G watt 5.952 aici sl atrtekonit asteeians laine eee 1 
Halliand#Howarthi(l983)itaee. ao.s a o odeciaeeieeeeees 66 
Hall Formation (British Columbia) .................. 34,42 
Hallam (1965) 23 occ baltic cao peas ioe aio sus ctons Geneioine ener 55 
Hallam and} Bradshaw: (19779) ) sic. 2. oc ac oieuieltecie elements 12 
Harpoceras (Dumortieria) haugi Gemmellaro, 1886 ....... 59 

acutum (Wate): Wrights 884i ote ccs = eed eee 72 

aequiondulatum Bettoni, 1900) 2... 22.20. +.25- 2 «motos 63 

allifordensesMoclWearms W930) oi crs «on .ere ana n eres eneietesteretone 26,68 

antiquum Wright. l882) co. s1-it, etek serdel ieee 72 

densecapillaturm Fucini, 1924 ... s.apanse een ine 64 

erythraeum Gemmellaro, 1884 ............-...0s0000+ 38 

cf. exaratum (Young and Bird). Frebold, 1964a ..... 64,66 

2 Fieldingit,Reynes (i868) 2. .+..0200 see eee 60 

‘fontanellense'Gemmellaro; 1886: <<<. «sie 1) ei cee 58 

lavinianum Meneghini in Fucini, 1900 ................ 61 

maurelliMcLearn’s 1930) ©. 2 o3.< cesses reste ieee 26,69 

percostatumEucinis V9O8D) b....ci0a-)- -icicisae ea eee 63 

propinquum (Whiteaves). McLearn, 1930 ........ 28,29,71 

2 pseudofieldingii Fucini, 1904 «2. 16.5.2 5 esc ei-r rere 60 

schroederiDenckmanmn: 111893) fac scchyarsie cioele ts ratte eee 72 

spiwAwiMcWearm: 1932-5. aes secs c errant cereee 26,69 

volubile (Fucini). Monestier, 1934 ................2.-5- 67 
Hauent(US 6) Mx ceracki-sigernaciieciotie eter torreei Sears 41,46,47,48 
laugi(lSS5) tr «.aecetasettnes 2s ean eyabe lotto seeder er ue Sy Sey Sree 37 
IsEOS) Wane netagmesbied tae todmoepocoDnipsoagy oc 33 
Hectoricollection: 24.04 «o.com oer 40 


Hemiparinodiceras' Géczy;, 19590 oo... 5 .sso:s:e1yetein ois cinies s oreones 40 


JURASSIC AMMONITES OF BRITISH COLUMBIA: SMITH AND TIPPER 119 
Exerthetnit(925) Ween tac tecin sive erie se tne ercuchetshe eta: 43 Keller'@reek Formation) (@regon)) . 22s) s.12 2 sere ste ee = 37 
Hildoceras (Arieticeras) domarense (Meneghini, 1867) ..... 55 Kerum becka (922) men ra seticers ie coerce 40,52 
chyna ueint, NOOK) cocesasgsasankanecenuecnadon 54 kunae, Fanninoceras (F.) ............-. 4, 27,30,31,32,Tf.30 
RNIILUINESCENS BUCININNLO Oliay ene citer renee 63 Kunae.Zone ...... 7,15,20,22,23,24,27,28,29,30,31,32,33,43, 
micrasterias (Meneghini) of Fucini, 1908a ............. 56 45,47,48,49,50,51,53,54,55,56,57,58,59,61,63,67,68 
MUO UCI, NOS .ooclsoncacocupion asasadmedonedoce 56 Kunga Group tame pa Hoodoo gne.os 7,911 
Giaaolee ein, IOS) ooo geecunvoeunoLonoon bare domcn 56 Kungaslslandteses cis5. Si.ss, tec ceamncitin. Gree here yaate aa 7,8,12 
TEGO EP Vana, IO). soe seessneostuscccdco be odoeon6 61 Kunga Island Section . Settee rocco rere 13,18,73 
Hiillebrandte (Ova aerate rarcteccacremeeicpeseciencyers eerste. « 34,54 kurrianum, Protogrammoceras (P.) ............-- 24,64, Tf.39 
Fiitlebrandt (Sa Sb) mcr ser tec rere leeicie eee locate 57 
allebrandta (9 Sill) mere tectvercaciciiewicrecic seoeeerste eerste saat steiere laevigatus, Cymbites ........... SRS PO ae 1,24,Tf.25 
Sry Meee eto D26,28,29,30,31,34,41,42,43,45,46,50,54,56 anges(932)i.t . sckyencresies tates 3 stoi Sea See 50 
Eiillebrandt(l9 87) memes ence] et 26,30,35,38,42,45,65 laturmmeRanninoceras (Bs) as0c% cece sess: 4,27,31,32,Tf.30 
illebrandti(19 90a) asenteccscict etteins cheese etye 26,31 Wehirriarimy G1U968)) te-cestcstrs arene cceke aunt fox sge recency aero tees fete cee role 72 
lntiidomoli (OQ)! copocosmeoesscosdnacqosanucconcorst 42 BeiocerasiGyrecol BUucini aL O ace... << .\.\cce eee ee ee 68 
Hillebrandt and Schmidt-Effing (1981) .................. 26 eptaleocerassBuckman  UOM Bixee sos eee eee 57 
Hillebrandt in Westermann (1992) ................ 36,42,43 (Fieldingia) pseudofieldingi (Fucini) ................... 61 
Ta brea) (ICID) Ae Scarnato nor heer ret eer tad 47,51,58,68 aimaccuratum|(Bucinili93))\)\meneetcia. cere eicremecee 225517) 
intra (IGS). seaseoaucdsesuodanos sone odtoooanobdadn 48,54 compressum (Monestier, 1934)! 3. .25...-2.--s5-4-- 22d} 
lancpRMnS CoyssGye sooueeseuenedesasdmondousnasnsec ne 8 lepturm¥Buckmianili91 Si yseteeyseeser eieeees. eae) citer Si; 
Roti ann (19.68) Beer eries ctr tvercicc oc eater = ta neers hoses 72 macrum (Monestier 1934) ina al-verieter cits ieee tele 58 
Hofmann (i982) meer cr crocecyercius cette cinder 35,53 pseudoradians| (IREYNES) yaee.siqs-eeeersiee eee deat eee 57 
Hofimannrand Martini 960) ire ciensrecccscre\-verereicateciepelctetey= 72 Co ha nod Eiotis Geicatto teneern erg eas & 22,56,58,Tf. 37,38 
VO Warthy (GSS) Were cece 8 ce sencrertei bls, och ererareicicrenchareyeae 59 eptonotocerasiSpathlO25) cia. cece «sees seis te este 33 
Is Oerriy (USSIT)) 3 sane acon dour anne co Ane momma OOgcn to 23 DEV AUOLSGG)! dai eecates seerty sy ocsvope, stsvevararohsranheveveesem ican rere: 38,54 
lnoerrinl (ISS pag oon come anne DUm cet SomeenteS cosns 51,53 Rewisjand' Rossi (Sli) eae nee a telccieteneretetetee erence sesttis ier 9 
lstogiqin (CIOS) paso cundestoneu aces neDRataonn aces ar dod 63 ioceratoldesiSpaths 1919) aera aoe cere 7,15,16,68,72 
HO warthn (992) pas nie ie eicicrrero sive circa 65,66,67,70,72,73 (Lioceratoides) allifordense (McLearn, 1930) 26,68, T£.39 
Howarthrand Donovan (1964)! occ cccc.ccee ene sic cse eee scr 2123) (Lioceratoides) cf. grecoi (Fucini, 190la) ............ 27,68 
IBITEETNY ooo operacn eer 0 a Ameo Ro od ema 49,51,53 (Lioceratoides) involutum, new species ...... 26,7,69,Tf.39 
Hurwalukormation((@regon)) fagaec-- ste siee tee sie 37,43 (Lioceratoides) maurelli (McLearn, 1930) ........... 26,69 
Tabata COAL Garoboe soa to tte meric ete aa mee aerate ee 37,52 (Lioceratoides) naumachensis (Fucini, 1929) ........... 69 
Inkeu CUSIS) sow node eves ae eo een ees Dhpe sOCpOD CC 24 (Lioceratoides) serotinum (Bettoni, 1900) .............. $2 
Ty atta (US SO) a rreeraceps ences cette areata ausincte i sravovsuetelsetvareretenese 23 (Uioceratoides)isp: juve. acest tetera ene 26,69, T£.39 
LS hENet (ICO) noe someon b ab th bare nec cM bp roe 33,34,35,20 (Pacificeras) angionus (Fucini, 1931) .......... 2771 TE39 
Ely drocarbonipotentiallipaeys neers erties eich isiaiors sierra 7 (Pacificeras) propinquum (Whiteaves, 1884) .................. 
RRS eats ERENT LRA eto one 28,29,71,Tf. 38,39 
; ‘ BiparocerasMayatt; US6T) crs ects ces wis eee eteves ee eee 52 
Mberiany Penns ulate. sceyeceete ies -eaveecve ce ess 2pe seisterey gee jaie a alelas ene 34 fw = > 
Ibex Zone ..... 33,34,37,38,39,40,41,42,43,44,46,47,53,61,63 BT TES OECL EU SOM EEES ALSZ I ar: 19,20; 521128 
ie TOLICUMURTUIMDECK O22 eye csseistoe ceeecrercietsne e niereseuerenet: 52 
ICZN Opinion 996 (1973) ....... Pade neon cee 36 : : 
Mithostratigraphy, .... fancies @ oncom cise: severest ct 12 
linen? (OSS) at tetios gaan casa none oseAe enn oc arenas 51 : f 
ocalityanumbenngisySteni ae casts re eter yee ee cates 14 
lime” (ICED). camps cates cne eee eeR ee OU A cad seme eed Touiceisland 8 
22,23,24,26,28,29,30,47,48,49,53,54,55,59,61,63,64,70 ; ih SRT 4 A a aR | Poa cae ens eel lea riage Aw es 
Imlay (1981) Wouise Island SectiOnestenietociveieranieerisele reins ses ee 13,19,74 
“5 sh ERR eta erg Be lege iP ae Ain area A yet) Uthat ee 54.55.TE 
26,28,30,36,42,43,44,45,47,51,53,54,56,57,58,64,65,66 BUD METI ARTEVICET AS muerte 
LINIAY tae PSCUGOSKINVOCEN AS, ones feic.-ejetay Ve sie 2 eee otto 13,14,15,41 MareaniiniieyZode 
‘ yaa aaac  Margaritatus Zone ........ Sr AOR ATR ORE eA a ae Se 
LENE ORR ar UB EAU ER ER ZEUS Peta) 24,40,41,46,47,48,49,50,51,52,53,54,55,56,57,58,60,61,65,66,67 
incertum: Reynesocoeloceras Ch. ...... 0. .ccc eee ses ene 12,49 : 
: masseanum rotunda, Tropidoceras .............. 10,39, Tf.32 
lively Sedo ate ee Soe aR Aerator omen cen aaa 40,52 
: MatsumotofandiOnon(l94]) noe aperyecrste citi ererstenetetecysteatere = 68 
Indunoceras Wiedenmayer; 1977 .............6.-202200 ss 49 : 
: ; : Matten(967) .... 25. -c.- 5 Pl ACE MESA eS AS Eee 60 
(Bettoniceras) colubriforme (Bettoni) ................. 46 i : 
; oe ae Mattercerasswiedenmayer 9 80la aca ce cisacciias case 67 
(Bettoniceras) mortilleti (Meneghini) ............. tone 50 
Made iGroup src ctsrrecteis ceiees ie asreretsrs castes recenapereiece ge 7,9,11 
TTYSULATA SE tamer yeti aici rte eects ereh ec ece ree ert rete ioones a eesti 7,40 
Maudellsland¥as-rr eter eee eee 7,45,59,72 
intumescens: Fuciniceras.afl. 2...-....000..0242+ 22,63, Tf.39 é 
aa L foidee (Ly 26.7.69.T£39 Maude Island Section Peneeusiske tai eters 15,74, Fold out 
EU ol Tina ge eer Te oer e Se ans Sara maudense, Fanninoceras (Charlotticeras) 6,7,26,27,32,Tf.30 
Isolated localrtiessanerweirctecch eres seer cheet reaver hens 22,76 ce es i 
RT I Sata 18.47 maurellpeEioceratoides| (oes sete ee 26,69 
arc hniesik Lp ce eh Nk Las na. lamer tape ag oF NSIS ‘i Mceari (1930) ierose ne. es cle rete 24,28,29,30,31,68,69 
Maly ri scoes:syesns 34,38 ,40.47,49,51,55,57,58,60,61,63,64,69,71 VPaL GTC OICEOD) ep eete ete bcs ae ate tae 7.28.29.69.70.72 
Mediterraneaniareal s--e see ee 19,55,56, 57,59,60,63 
JakobsSmith>;andihipper, (19944) oe caeeetiev ee rele ie ere 7 Meister (1986) ...... eae 21,23,26,37,38,39,44,52,53,60,61 
Jakobs, Smith, and Tipper, (1994b) .................. 15,70 Me1steri(lO 89) ein ceraccts nen -yeteeiaereys 23,46,48,55,56,58,60,65, 
Jamesoni:Zone! eo... oe 20,33,34,35,38,40,42,43,49,50,52,53 Meneghiniit(liSGi7) i circ ct setsccs teres urususeses fers stares okapsecestnayeisee BS) 
UENOVNG) 9 3:5. G56 Bites Soothe eae ten Gere ene enero 47,51,54,58,68 Menephini (87.0) eer scceiciseiis a ice nete soe eis rece ae 55 
NA WOESKIN (ISS) Merecpeirsecerers crak mere tac aieestarciay nate seava aie ter 35 Meneghini (11874) asrntcptvintintoan etic ci ae Gctes sepeotecim ae 56 
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Meneghini (1875) ...... Hiau tr arate Soe Oe hc ec ere em eee 49 
Menegbinii GUS Sil) a kacnc storie or opseas oucheioherehe Serenade 49 
Meneghiniaibncinis 193i sey ovivar ccrscrssacfsicietns tense eee 54 
Meridianus Zone (South America) .............. 43,44,46,26 
Metacymbites'Spathywl92 3 ican acral aoe ene eee iele nies 23 

centriglobus (Oppel, 1862) ...........0ccceceeecescceee 23 
Metaderoceras, Spath, 1925 ........ I SD? 15,43 

evolutum (Fucini, 1924) ............ 16,18,44,45, Tf. 33,34 

mouterdei'(Frebold: 1970)... ....cce.cisecs donee ne 19.44.45 

? aff. mouterdei (Frebold, 1970) . 16,19,44,45,Tf. 33,34 

sp. 9 ee oem Rear Ee Te CE ets tees 17,42,46,T£.33 

talkeetnaense Thomson and Smith, 1992 . 17,45, Tf. 33,34 

venarense: (Oppel)! suis s eoracsapa + chaeaas PEAR A eter, 44 
INTEXIGOR er crsteeieret sists Brag hctanshe tion Wahek ste tave asta ch hetero: soe 57 
MIGTASLENIAS; PATIENICENAS: Che seas) aie ne naa een eee 20,54,56 
WICROLOSSIISH yaa, sete ici sie cestertlatets ste esas at eccieen in Ae eins 8,12 
Miltoceras; Wiedenmayer; 19800 \.-2..c..+0 222 ae eecee 41,42 

aff. sellae (Gemmellaro, 1884) ..................... 11,42 
Monestier (1934) ..... 19,23,42,47,54,55,56,57,58,60,61 
Montfort (1808)! siickias canals ate aaa’ ooursieadios ae 15,51,70 
Moresby Island 27 ioe, s.ess,cpatsnscs. aternctz ais cra ttetineeks 8 
Morocco! . 2. -4. snes SAPARD centers on Sarees 34,47,58,64,71 
mortilleti, Reynesocoeloceras . 12,49, Tf. 26,35 
Mouterde (1967) ........ Tr Oe ERT A ieee oi 35 
Mouterde (90) iam secenpinieiieia dente ran einaiienn tama: 43,44 
Mouterde and Dommergues (1978) ..... iat atontanes a: 37 
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SECTION E; MAUDE ISLAND 
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Text-figure 20.—The ammonite fauna and biostratigraphy of section E. See Text-figure 11 for stratigraphic details and Text-figure 6 for the legend. 
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